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REPORT OF THE PANEL TO REVIEW THE 
V-22 PROGRAM 


TUESDAY, MAY 1, 2001 

U.S. Senate, 

Committee on Armed Services, 

Washington, DC. 

The committee met, pursuant to notice, at 10:09 a.m., in room 
SH-216, Hart Senate Office Building, Senator John Warner (chair- 
man) presiding. 

Committee members present: Senators Warner, Smith, Inhofe, 
Santorum, Roberts, Allard, Sessions, Collins, Bunning, Levin, 
Lieberman, Reed, Akaka, Bill Nelson, E. Benjamin Nelson, and 
Dayton. 

Committee staff members present: Romie L. Brownlee, staff di- 
rector; Judith A. Ansley, deputy staff director; Anita R. Raiford, 
deputy chief clerk; and Scott W. Stucky, general counsel. 

Professional staff members present: Charles S. Abell, Charles W. 
Alsup, John R. Barnes, Ambrose R. Hock, George W. Lauffer, Patri- 
cia L. Lewis, Thomas L. MacKenzie, and Richard F. Walsh. 

Minority staff members present: David S. Lyles, staff director for 
the minority; Peter K. Levine, minority counsel; Creighton Greene, 
and Michael J. McCord, professional staff members. 

Staff assistants present: Beth Ann Barozie, Thomas C. Moore, 
Jennifer L. Naccari, and Michele A. Traficante. 

Committee members’ assistants present: Dino L. Carluccio, as- 
sistant to Senator Smith; John A. Bonsell, assistant to Senator 
Inhofe; Robert Alan McCurry, assistant to Senator Roberts; Doug- 
las Flanders and Charles Cogar, assistants to Senator Allard; Arch 
Galloway II and Scott Douglass, assistants to Senator Sessions; 
Kristine Fauser, assistant to Senator Collins; Derek Maurer, assist- 
ant to Senator Bunning; Menda S. Fife, assistant to Senator Ken- 
nedy; Barry Gene (B.G.) Wright, assistant to Senator Byrd; Fred- 
erick M. Downey, assistant to Senator Lieberman; Elizabeth King, 
assistant to Senator Reed; Davelyn Noelani Kalipi, assistant to 
Senator Akaka; William K. Sutey, assistant to Senator Bill Nelson; 
Eric Pierce, assistant to Senator Ben Nelson; and Brady King, as- 
sistant to Senator Dayton. 

OPENING STATEMENT OF SENATOR JOHN WARNER, 
CHAIRMAN 

Chairman Warner. Good morning. 

The Armed Services Committee meets today to receive testimony 
on the report prepared by The Panel to Review the V-22 Program. 
The panel is chaired by Gen. John R. Dailey, United States Marine 

(l) 
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Corps (Retired), who is currently the Director of the National Air 
and Space Museum. We welcome you, General Dailey. He is joined 
by Norman Augustine, former Chairman and Chief Executive Offi- 
cer of both the Martin Marietta Corporation and Lockheed Martin 
Corporation. We welcome you, Norm. 

Gen. James B. Davis, United States Air Force (Retired), who has 
a long career of public service both in the military and since his 
retirement. We welcome you, General Davis. 

Dr. Eugene E. Covert, Professor Emeritus in the Department of 
Aeronautics and Astronautics at the Massachusetts Institute of 
Technology. We welcome you. 

Gentlemen, I appreciate your public service on behalf of not only 
the Department of Defense, but all Americans who are deeply con- 
cerned about this program. We are fortunate to hear your views 
discussed here today. 

Appearing on the second panel of today’s hearing are Gen. James 
L. Jones, the Commandant of the Marine Corps, and Gen. Charles 
R. Holland, Commander in Chief of the United States Special Oper- 
ations Command. These two branches of our military are the initial 
users of this aircraft. General Jones and General Holland will offer 
their responses to the panel’s conclusions and recommendations 
and such other views as each wish to share. 

The Panel to Review the V-22 Program was established by then- 
Secretary of Defense Cohen, a former member of this committee, in 
December 2000 after a second tragic and fatal mishap involving the 
V-22 in the span of 8 months: one in April 2000 and the second 
in December 2000. Twenty-three marines died in these two mis- 
haps. 

The committee this morning, once again, expresses our compas- 
sion to the families and their loved ones. Mishaps, accidents, and 
tragedies such as this are the risks that our men and women of the 
Armed Forces must share, but it is our responsibility in every way 
possible to limit those risks when it is humanly possible, and that 
is why we are here today. 

Secretary Cohen asked the panel to address several aspects of 
the V-22 program affecting the strategy and effectiveness of the 
aircraft. These aspects included training, engineering, design, pro- 
duction, quality control, suitability to satisfy operational require- 
ments, performance, and safety of flight. The panel conducted its 
duties in public, in accordance with the Federal Advisory Commit- 
tee Act. Secretary Cohen chose a distinguished group of individuals 
to serve on this panel, and we are privileged to have them with us 
today. 

I remain greatly concerned, as I have throughout a number of 
years of service on this committee, about this program. I recognize 
that it offers considerable performance improvements in range, 
speed, and payload over the helicopters currently in use. I must 
question, however, whether the increased performance is worth the 
additional cost and apparently the increased risk to those who 
must operate these aircraft associated with this dramatic tech- 
nology. 

I recognize that this technology is one of a kind, and if it is suc- 
cessful, the United States of America will have cutting edge tech- 
nology which far transcends the use by the U.S. military and per- 
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haps other militaries. If it works, this technology has the oppor- 
tunity to be introduced into the private sector and civilian aircraft. 
Therefore, there is more at stake than just the service require- 
ments. 

I have had the opportunity to review the panel’s report, which 
was posted on the Internet at midnight last night. There are nu- 
merous conclusions and recommendations, key among these being 
that the program is not ready for either full-rate production or 
operational use at this time. I am concerned whether the issues 
identified by the panel report can be resolved even with a restruc- 
tured program. There appear to be significant issues with design, 
engineering, production, training, and reliability. 

General Dailey, I understand that as panel chairman, you will be 
making a statement for the entire group. 

Now, Senator Levin and I have been on this committee for 23 
years. We have seen a number of times when issues have been 
brought before this committee which, you might say, have high 
drama, but it is my hope — and I talked it over with my distin- 
guished ranking member — that we are not here today for drama. 
We are here to receive the facts as a part of our oversight respon- 
sibilities. 

In due course, this committee will receive the report of the In- 
spector General and then eventually we will receive the views of 
the Secretary of Defense, with whom I spoke first thing this morn- 
ing about this hearing. So, we should not judge this hearing as one 
which will be dispositive of this program. There is much hard work 
to be done. I hope we can do it in a very objective and fair way. 

But we come back again to what we are asking of our young men 
and women of the U.S. military in this program and in others as 
we proceed to push the cutting edge of technology, which is a nec- 
essary responsibility of this Nation if we are to remain free to work 
with our allies in that cause. 

Senator Levin. 

STATEMENT OF SENATOR CARL LEVIN 

Senator Levin. Thank you, Mr. Chairman. 

This is, indeed, a very important hearing. Lives have been lost 
through accidents and through tragic failures. The V-22 program 
is operating under a significant cloud of doubt right now. We will 
have to decide whether to proceed with the program and, if so, 
how. 

I have supported the V-22 program in the past. It was my belief 
that, if it could be made to work safely and reliably, the V-22 had 
the potential to provide significant capability to the Marine Corps 
and our Special Operations Forces. I also joined others in the hope 
that the aircraft might have the potential for spinning off to sup- 
port civilian aviation applications. 

Whether I continue to support the V-22 program will depend on 
whether this hearing, as well as subsequent hearings, develop suf- 
ficient facts to make conclusions as yet to be determined. I hope to 
explore a number of significant questions about the program, in- 
cluding the following: 

• How did we get within a couple of weeks of approving 
entry into full-rate production for a program with the sig- 
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nificant safety problems identified by The Panel to Review 
the V-22 Program — including crash-worthy fuel tanks, 
flight control system reliability, downwash concerns and 
production quality — and open questions about combat ef- 
fectiveness — including reliability, availability, and main- 
tainability? 

• Why were we flying the aircraft with 19 people on board 
last April when it is clear, at least from hindsight, we did 
not have a good understanding of the vortex ring state con- 
dition within the V-22 flight envelope? 

• When and using what benchmarks will we be able to de- 
cide whether the V-22 program should move forward? 

• What caused the squadron commander to tell mainte- 
nance personnel in the squadron to falsify maintenance 
data to make the V-22 look more reliable? 

• Were there others involved in keeping the truth about 
maintenance reliability data from decisionmakers? 

Some of those issues are going to be explored this morning. Oth- 
ers are going to be explored in later hearings and by other panels. 

These latter questions raise such serious doubts that they needed 
to be addressed outside of the Department of the Navy and outside 
of the Marine Corps. That is why Senator Warner and I wrote to 
Secretary Rumsfeld on January 24 to urge that he conduct an ex- 
ternal review. The Department Inspector General is now engaged 
in such a review. This is an important step, because only an exter- 
nal review of the allegations about the program can reestablish 
confidence in the program on the part of Congress, the public, the 
military, and the families who have lost loved ones. 

We are going to clearly have to hear from others before we can 
make a decision on the future of the V-22 program. That includes 
hearing from the DOD Inspector General, V-22 acquisition offi- 
cials, and, as the chairman said, Secretary Rumsfeld himself. 

I join the chairman in expressing appreciation to the panel mem- 
bers for their continuing service to this Nation in their review of 
the V-22 program. They are highly qualified and well-known to the 
members of the committee. We look forward to reviewing the re- 
sults of their independent judgments on this program. 

Thank you, Mr. Chairman. 

Chairman Warner. Thank you, Senator Levin. I would like to 
take this opportunity to note that the opening statements of Sen- 
ator Thurmond and Senator Kennedy will be inserted in the record 
in their entirety, as they were not able to be here today. 

[The prepared statements of Senator Thurmond and Senator 
Kennedy follow:] 

Prepared Statement by Senator Strom Thurmond 

Thank you, Mr. Chairman: 

Mr. Chairman, I find it ironic that the committee is again holding a hearing on 
the V-22. It was 10 years ago that Secretary Cheney sought to cancel the V-22 pro- 
gram on the grounds of affordability. Today, almost 20 years after the program was 
started by the Army, the committee is again considering the state of the program. 

In the early 1990s, I supported Secretary Cheney’s effort to cancel the program. 
I did so because of cost and the uncertainty of the technology. Today, despite the 
tragic loss of life as a result of a series of crashes, I believe we need to continue 
the development of the program. In my judgment, it has demonstrated the very ca- 
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pabilities that make it essential to our Marine Corps and our Special Operations 
Forces. 

I want to congratulate the members of The Panel to Review the V-22 Program. 
Their exhaustive report provides the foundation for not only continuing the pro- 
gram, but also ensuring that the appropriate corrective actions are taken. 

Mr. Chairman, Secretary Rumsfeld is concluding his strategic review of our na- 
tional security requirements. I appreciate the difficult decisions that he is facing, 
however, as he is considering the challenges facing our Armed Forces, I hope he will 
consider the V-22 as an integral part to the continued viability of our Marine Corps. 

Thank you, Mr. Chairman. 


Prepared Statement by Senator Edward M. Kennedy 

I welcome the committee’s hearing on this important issue. I look forward to re- 
viewing the findings and recommendations of The Panel to Review the V-22 Pro- 
gram, and to our committee’s consideration of the status and future of the V-22 pro- 
gram. 

Clearly, there is a need to transform our military to more effectively meet the 
threats and challenges of the future, and I believe that tiltrotor technology can play 
a significant part in this transformation. But, as with any new development in tech- 
nology, tiltrotor aircraft should be extensively and thoroughly tested to minimize the 
problems and the risks to those who fly on these aircraft. 

Unfortunately, the current V-22 program turns out to have been a classic case 
of “buy before you fly”. What has taken place, so far, in this program is disappoint- 
ing, and we cannot continue in this way. The pressure to move forward by cutting 
corners in order to maintain timelines puts lives at unnecessary risk, and wastes 
money. 

As a result of the second tragic accident last year, concerns about V-22 reliability 
and maintainability began to be adequately addressed, and redesign of the suspect 
hydraulic system was finally considered. We have a much better opportunity now 
to evaluate the entire program objectively and consider recommendations for the fu- 
ture of this program. Hopefully, the lessons being learned from this program will 
be applied to other vital programs of the Department of Defense overall. 

[Whereupon, at 10:20 a.m., the committee recessed, to reconvene 
in executive session, and resumed the hearing at 10:22 a.m.] 

Chairman Warner. Thank you General Dailey for waiting. We 
are ready to receive your report. 

STATEMENT OF GEN. JOHN R. DAILEY, USMC, (RET.), PANEL 

CHAIRMAN; ACCOMPANIED BY NORMAN R. AUGUSTINE, 

PANEL MEMBER; GEN. JAMES B. DAVIS, USAF, (RET.), PANEL 

MEMBER; AND DR. EUGENE E. COVERT, PANEL MEMBER 

General Dailey. Thank you, Mr. Chairman, distinguished mem- 
bers of the committee. We are pleased to appear today to discuss 
the findings and recommendations of The Panel to Review the V— 
22 Program. Secretary of Defense Cohen determined that the acci- 
dent history of the V-22 aircraft and other testing issues required 
an independent review of the program. I would like briefly to re- 
view our activities. 

The panel was commissioned on December 15, 2000, and met 
with the Deputy Secretary of Defense on December 28, 2000. Fact- 
finding activities started on January 11, 2001. These consisted of 
briefings on the Marine Corps and Special Operations Command 
mission requirements, the ability of the V-22 aircraft to meet the 
requirements, and the program status. We were briefed by the Pro- 
gram Manager, the Director of Operational Test and Evaluation, 
and the General Accounting Office. We spoke to the Naval Air Sys- 
tems Command, test personnel, pilots, maintainers, and contrac- 
tors. 
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In March we conducted site visits. We visited the training squad- 
ron at Marine Corps Air Station, New River, North Carolina, and 
the Special Operations Command at MacDill Air Force Base, Flor- 
ida. After a visit at Bell Helicopter in Fort Worth and Amarillo, 
Texas, we concluded our visits at Boeing Helicopter in Philadel- 
phia, Pennsylvania. During this time, we toured the flight line, 
training facilities, maintenance spaces, factories, and engineering 
laboratories, and flew the V-22 simulator. 

On March 9, 2001, we conducted an open meeting to provide the 
general public the opportunity to submit information to the panel 
about the V-22 program. 

On April 18, 2001, we held an open meeting to conduct public de- 
liberations in preparation for submitting our recommendations to 
the Secretary of Defense. Our purpose today is to present a sum- 
mary of our findings, conclusions, and recommendations and, with 
your permission, submit a copy of our report for the record. 

Chairman Warner. Without objection, it will be admitted. 

[The Report of The Panel to Review the V-22 Program follows:] 
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Chairman 
John R. Dailey 

Panel Members 

Norman R. Augustine 
James 3. Davis 
Eugene £. Covert 

Executive Secretary 
Gary J. Gray 


DEPARTMENT OF DEFENSE 
PANEL TO REVIEW THE V-22 PROGRAM 
1235 Jefferson Davis Highway, So he 940 

Arlington, Virginia 22202-3233 Teh (703) 002-1515 

Fax: (703)602-1532 

April 30,2001 


MEMORANDUM FOR THE SECRETARY OF DEFENSE 
SUBJECT: Report of the Pane! to Review the V-22 Program 

The Panel to Review the V-22 Program is pleased to present Its final 
report as requested in Secretary Cohen’s December 15 memorandum. The Panel 
addressed many factors that affect flight safety and combat effectiveness of the 
V-22 aircraft The report includes our findings, conclusions and 
reco mmendations. 


We would specifically like to thank the following organizations for 
providing the requisite information and knowledge to allow the Panel to 
comprehend the issues and make meaningful recommendations in a very short 
timeframe: the V-22 Program Office; the Marine Medium TiitrotoF Training 
Squadron - 204 (VMMT-204); the United States Marine Corps; the United States 
Air Force; the United States Special Operations Command (SOCOM); the Naval 
Air Systems Command; the Naval Safety Center; the Helicopter Marine 
Experimental (HMX-1) Squadron: the Director, Operational Test and Evaluation, 
Office of Secretary of Defense; and the General Counsel. Department of Defense, 

The Panel believes the V-22 aircraft has a unique capability and is the only 
existing aircraft that can fulfill the mission requirements of the Marine Corps and 
SOCOM. We believe that the requirement is justified and that the V-22 aircraft has 
demonstrated its ability to satisfy the requirement. 

The Panel found no evidence of an inherent safety flaw in the V-22 tiltrotor 
concept. We recommended that the program be continued, but restructured. The 
Panel found that the V-22 aircraft lacks the maturity needed for full-rate production 
or operational use and made recommendations for corrective action. 

On behalf of the entire Panel, I thank you for giving us the opportunity to 
serve the Department of Defense in this serious matter. 



Attachment: 
As stated 
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Panel Staff 

Gary J. Gray 
Executive Secretary 


Professional Staff 

Raymond E, Schwartz, III, Col, USMC 
Carl A. (Andy) Steel, Col, USA.F 
Biyan O’Connor, Consultant, Futron Corporation 


Administrative Support Staff 

Hector 0. Nevarez, Ph.D., Administrative Director, ViStar Corporation 
Carolyn F. Duke, Ad mi nistrative Assistant, ViStar Corporation 
Douglas Pang, Systems Analyst, ViStar Corporation 
Sam Nayar, Systems Analyst, ACS Defense, Incorporated 


1 
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Executive Summary 


The Secretary of Defense, citing safety and operational testing issues, established an 
independent review of the V-22 Program. He appointed General Joint R. Dailey, TJSMC 
(Retired), Mr. Norman R. Augustine, General James B. Davis, USAF (Retired), and Dr. 
Eugene E. Covert to the Panel to Review the V-22 Program, The charter called for an 
examination of relevant factors as they relate to safety and combat effectiveness. 

The Panel visited contractor engineering and production facilities, the V-22 training 
squadron, and United States Special Operations Command Headquarters. The review 
included public inputs, discussions with the Government and contractor program 
managers, engineers and test pilots. Panel members also flew the engineering and training 
simulators and examined operational aircraft as well as the production lines. Briefings 
were given on a variety of technical issues by Navy and contractor engineers, safety 
professionals and test pilots. 

The V-22 completed its Operational Evaluation with mixed results. On one hand, the 
aircraft satisfied all 13 of its Key Performance Parameters (including range, speed, and 
payload). On the other hand, the aircraft fell short of requirements for reliability, 
availability, and maintainability suggesting that the aircraft and its logistics support 
system have not yet matured to the point of adequate supportability. 

The need for a capability of the type the V-22 was designed to satisfy appears to be 
justified, and by its demonstrated performance, the V-22 has shown unique potential to 
meet that need. There is no evidence that the V-22 concept is fundamentally flawed, 
however, the aircraft is not ready for operational use in a number of key respects, chief 
among them system reliability, and maintainability. Further, the Program shows signs of 
underfunding as evidenced by inadequate MV- 22 spares and logistics support in the out- 
years, the use of aircraft for maintenance trainers, and a lack of reserves for program 
contingencies. 

Based on its findings, the Panel recommends that the Department proceed with the V-22 
Program, but temporarily reduce production to a minimum sustaining level to provide 
funds for a Development Maturity Phase. The report contains a number of specific 
recommendations regarding upgrades to the reliability and maintainability of the 
hydraulic system, improvement and verification of technical publications and aircrew 
procedures. Various operational restrictions should be imposed until the Development 
Maturity Phase has progressed to the point where known risk issues have been properly 
addressed and confidence in aircraft reliability, maintainability and logistics 
supportability have returned. Finally, the spares and logistics support for the Program 
should be fully funded in order to allow the Marines and Special Operations warfighters 
the best opportunity to make use of the demonstrated capabilities of the aircraft. 


it 
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Recommendations 


Safety Implications of the Tilt Rotor Concept 


Recommendation: Continue to develop mitigation strategies to limit the potential for 
autorotation and the risk (probability and severity) of asymmetric thrust conditions. 


The Mirana Accident and Vortex Ring State 


Recommendation: Use the results of the planned high-rate-of-descent flight tests to 
update operating limitations, procedures, the Naval Aviation Training and Operating 
Procedures Standardization (NATOPS) manual, pilot training (including the flight 
simulator), and a cockpit warning system. 

Recommendation: Configure the pilot training simulator with the capability to provide 
vortex ring state training to the maximum extent possible based on model limitations and 
information available. At a minimum, include avoidance training. 

Recommendation: If testing indicates poor natural aerodynamic warning, the aircraft 
should be configured with a cockpit warning system. 

Recommendation: Develop techniques and procedures for inter- aircraft coordination 
during formationrdecelerating conversions. 

Recommendation: If flight test results point to the need for flight limitation that 
includes airspeed of 40 knots indicated airspeed or less, procure or develop a more 
accurate airspeed indication system for the aircraft. 


The North Carolina Accident and Flight Control 
System Reliability 


Recommendation: Improve hydraulic system component reliability. 

Recommendation: Take steps to mitigate the risk of loss of hydraulic system integrity 
(e.g., chafing, fittings, leaks, vibration). 
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Recommendations 


Recommendation: Develop techniques, tools, and methods for timely identification of 
hydraulic- line chafing. 


Recommendation: Add acoustic sensors to the test nacelle and reevaluate the adequacy 
of current test nacelle environmental instrumentation in light of recent reliability 
problems. 

Recommendation: Assess the process used by V-22 contractors to predict component 
reliability numbers and take steps to improve. 

Recommendation: Develop appropriate controls (design and life-cycle support) for all 
exceptions to the flight control redundancy requirements (not just those that are single- 
point failures). 

Software Reliability 

Recommendation: Conduct an independent flight control software development audit of 
the V-22 Program with an emphasis on integrated system safety. 

Recommendation: Conduct a comprehensive flight control software risk assessment 
prior to return to flight. 

Recommendation: The V-22 Program should not return to flight until the flight 
procedure and flight control software test cases have been reviewed for adequacy and 
have been evaluated in the integrated test facilities. 


Autorotation 


Recommendation: Reassess the requirement for autorotative flight in view of tire low 
need, low probability of improvement and the existence of alternatives. 

Recommendation: Reassess the capability of the V-22 to conduct power-off-glides. 
Explore design and operational techniques to optimize power-off- glide capability (e.g., 
minimize proprotor drag commensurate with auxiliary power requirements). 

Recommendation: Ensure that the full flight simulator used by pilots at Marine Corps 
Air Station, New River accurately emulates both autorotative and power-off- glide 
simulations to the degree required for effective pilot training. 

iv 
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RBCOSi IMEND A'HON S 


Recommendation: Reassess the requirement for (and priority of) autorotative flight in 
view of the low probability of improvement and the existence of alternatives. 


Downwash Effects on Tactical Operations 


Remote Area Operations 

Recommendation: Continue to develop procedures and techniques for the high 
downwash “desert brownout” situation, and incorporate them into the training manuals 
and syllabi. 

Recommendation: Restrict tactical unit night operations in landing zones that have the 
potential for brownout until procedures and techniques are developed and approved. 

Personnel Deploymetit/Recovety from Hover (in and out of ground 
effect) 

Recommendation: Revalidate the requirements for personnel deployment and recovery 
operations. 

Recommendation: If the requirements remain valid, then incorporate appropriate hoist 
and ladder systems into the aircraft as soon as possible. 

Recommendation: Conduct follotwon testing and evaluation to address tactics, 
techniques, and procedures to be used in the conduct of personnel deployment and 
recovery operations. 

External Load Operations 

Recommendation: Conduct follow-on test and evaluation to further refine tactics, 
techniques, and procedures and to ensure that external operations can be conducted safely 
and effectively. 


Pilot Training 


Recommendation: Provide adequate funding for aircrew ground training, aircraft 
simulators, and upgrades to training devices. 


V 
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RECOMMEN DATtONS 


Recommendation; Publish updates to the MV-22 NATOPS manual, and verify with 
VMMT-204 pilots before the first operational flight to support pilot/squadion transition 
and re-currency training. 

Recommendation: Convene an out-of cycle NATOPS manual conference prior to the 
first squadron operational flight to assure consistency and adequacy of emergency 
procedures and operational limitations. Develop an expeditious process to incorporate 
changes from this conference and from ongoing test and evaluation activities. 


Crashworthy Fuel Tanks 


Recommendation: Configure (by retrofit or test) all operational aircraft with 
crashworthy fuel cells at the first opportunity (see later recommendation with respect to 
retrofit funding), 


and, in the meantime 

Recommendation: Communicate the interim risk acceptance rationale to the operational 
community. 


Production Quality 


Quality Trends 

Recommendation: The contractors. Defense Contract Management Agency, and 
Services need to remain actively involved in quality assessments and improvements. 

Recommendation: Take appropriate steps to resolve quality-related findings of the 
Tiger Team as soon as their results are available. 


Operational Test Crew Selection and Assignment 


Recommendation: As tbe testing program proceeds, test managers (contractor. Naval 
Air Systems Command (NAVAIR), and operational) should continue to ensure the 
appropriate experience and qualifications of all flight crewmembers. 

Recommendation: As V-22 development and testing continue, all responsible 
organizations should take all reasonable steps to ensure that operational test aircrews are 
vi 




Rkcommendatioms 


not subjected to undue risk. Thoroughly assess all known and suspected high-risk flight 
regimes. 

Recommendation: Until the aircraft is ready for deployment, flying should be restricted 
to mission-essential personnel. Assess operational risk factors before authorizing 
increased risk flights (e.g., assaults, night flying, weather flying, etc.). 


System Safety 


Organization and Process 

Recommendation: Develop a consistent approach to measuring overall risk level in 
development and operational programs to aid decision makers in risk trades. Consider 
use of probabilistic risk assessment techniques to comply with the most recent risk 
category definitions published by the Naval Air Systems Command. 

Director, Operational Test and Evaluation (DOT&E) Safety Issues find 
“Implications” vs. NAVAIR Safety Risk Posture 

Recommendation: To aid decision makers, the Defense Operational Test and 
Evaluation organization and Navy Operational Test and Evaluation Force should consider 
the use of standard risk indices (i.e., Risk Assessment Codes) when reporting safety 
issues. 


Reliability and Availability 


Recommendation: Reassess and revalidate the current set ofV-22 reliability and 
availability requirements to assure appropriate expenditure of resources on engineering 
changes. 


Maintainability 


Recommendation: Modify the nacelle to improve the spacing/protection of critical 
components, maintenance working space, access, and the overall maintainability of this 
critical aircraft area. The redesign activity for this modification should include at least 
the following: 




Recommendations 


a. More quick-access panels; 

b. High-reliability alternatives to the Mini- Mark fastener; 

c. User- friendly inspection access for critical pairs and other exceptions to the 
flight control system redundancy design requirement; 

d. Shortening of the hydraulic lines between switching valves and swashplate 
actuators (if feasible). 


Interactive Electronic technical Manual (IETM) 


Recommendation: Assess the options for V-22 technical publications (electronic and 
paper). 

Recommendation: Provide adequate developmental support to the training squadron for 
the selected system. 

Recommendation: Properly validate and verify the technical publications as soon as 
possible. 

Recommendation: Transition as soon as possible from the Universal Numbering 
System to the standard Work Unit Code logistics system. 

Recommendation: Standardize performance, support, testing, and funding requirements 
for electronic technical manuals across all platforms and Services. 


Maintenance and Availability Reporting Naval 
Aviation Logistics Command Management Information 
System (NALCOMIS) (Optimized) 


Recommendation: NAVAIR should correct the deficiencies and incompatibilities that 
are resident in the NALCOMIS (Optimized) system as soon as possible. 

Recommendation: NAVAIR should provide a set of guidelines and metric algorithms to 
all organizations that use NALCOMIS readiness data for planning, budgeting and other 
resource decision-making. 
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Recommendations 


Diagnostic Capability 


Recommendation: Fix the individual deficiencies associated with Aviation Maintenance 
Event Ground Station (AMEGS), IETM, and NALCOMIS (Optimized). After each 
system demonstrates adequate reliability, integrate these three systems as soon as 
possible. 

Recommendation: In the short terni, expedite software cross-references for AMEGS 
and IETMs. 

Recommendation: Provide appropriate training on AMEGS for the VMMT-204 
maintainers. 

Recommendation: Expedite the plan to reduce the V-22 false- alarm rate in both the 
aircraft and ground systems, with priority on aircraft software. 


Maintenance training 


Recommendation: Fully fund and support the maintenance training system. 

Recommendation: Consider the eventual replacement of the aircraft being used as 
maintenance trainers with maintenance trainers designed for that purpose. 

Recommendation: Retrofit and modification of maintenance training aircraft (when 
appropriate) should occur at the same time or prior to those changes being incorporated in 
tactical aircraft. 

Recommendation: Adequately budget for maintenance-training aircraft spares. 


The Joint Program and Systems Engineering 


Recommendation: Constant attention must be paid by both the Navy and the Bell 
Boeing Joint Program Office to the potential for lapses in systems engineering integration 
discipline as team members tty to solve problems outside of established processes. 

Recommendation: As the program proceeds, both NAVAIR and the contractors should 
ensure a high level of continuity in the program’s Integrated Product Teams, Analytic 
Integration Teams, and key management positions. 

ix 
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Recommendations 


Design Trades 

Recommendation: For the next phase of system and requirements reviews, risk trades, 
and engineering changes, the program should assess its trade-study priorities and perform 
updates consistent with today’s priorities — i.e., safety, reliability, and maintainability. 

Risk Management 

Recommendation: The Defense Systems Management College risk management course 
should use the V-22 Program risk management process as an example of how to 
incorporate risk into everyday program management. 


Program Communications 


Recommendation: Review information flow requirements between the V-22 Program. 
Bell Boeing, and the customer, and develop a funded plan to increase the responsiveness 
to operator needs. (Attention needs to be given to meeting similar requirements for the 
Air Force and Special Operations Command (SOCOM) during CV-22 introduction). 

Recommendation: Supplement the standard formal reporting to and from the Osprey 
Support Center with informal feedback to facilitate the exchange of information to and 
from the operators. 

Recommendation: Both the Government and Bell Boeing should increase the 
management visibility of the Osprey Support Center and decrease the turnaround time for 
relevant problem- resolution status. 

Recommendation: Bell and Boeing CEOs, the V-22 Program Manager, and the Joint 
Program Office meet monthly to review program status until the current concerns are 
resolved. 


Program Development Reserves 


Recommendation: A funding reserve should be provided and protected during the DoD 
budget process for unknown contingencies for CV-22 development and to address the 
additional design and development and the Development Maturity Phase recommended 
by the Panel. 


X 
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RECOMMENDATIONS 


CV-22 Block 0 Development 


Recommendation: Remove the CV-22 Block 0 funding ceiling and fund at the required 
levels. Retain the funds in the program until the Secretary of Defense considers the 
Panel’s specific recommendations. 


Engineering Production Changes 


Recommendation: Temporarily reduce production to a minimal sustaining rate until 
both the aircraft design and manufacturing processes mature. Funds generated by this 
reduction in aircraft should be protected in the DoD budget and made available for a 
“Development Maturity Phase” and increased production engineering changes. (See 
subsection 4,8 Program Funding). 

Recommendation: Establish an Aircraft Procurement Navy-5 funding line and provide 
fends. Assure that CV-22 retrofit is covered with funding line and fluids, as appropriate. 


Spares and Logistics Support Planning and 
Provisioning 


Recommendation: Fund spare parts levels and logistics support based on the results of 
the independent cost estimate and actual experience to date. 

Recommendation: Fund additional engineering change proposals to improve reliability 
and to reduce spare parts requirements. 


Program Funding 


Recommendation: Proceed with the V-22 Program as the best alternative for the stated 
mission need. 

Recommendation: To address the specific actions identified in tills report, temporarily 
reduce the production rate to a minimum sustainable level and reprogram funds that are 
freed to the Research, Development, Test, and Evaluation account to apply to the 
Development Maturity Phase. Incorporate resulting changes into the production line as 
early as possible. Funds generated by this reduction in aircraft should be protected in the 
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Recommendations 


DoD budget and made available for the Development Maturity Phase and increased 
production engineering changes. 

Recommendation: Once the Development Maturity Phase is complete, establish a 
maximum economic production rate and buy out the remaining aircraft with firm, fixed- 
price, multiyear procurements to help recover total program cost and schedule. 
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RECOMMENDAT! < INS 


Summary Conclusions and 
Recommendations 


Summary Recommendation: Validate and prioritize requirements; delete those that are 
invalid or that rank poorly in cost/ benefit terms. 


Safety 


Summary Recommendation: Improve reliability, then verify by extensive test/fix/test 
in challenging environments. 

Summary Recommendation: Expand safety risk assessments to include off nominal 
conditions, with emphasis on flight control software, and hydraulic and power train 
systems. Retrofit crashworthy fuel cells into all operational aircraft. 

Summary Recommendation: Extend high-rate-of-descent testing, formation flying 
(and other deferred flight tests as appropriate) to sufficiently define and understand the 
high-risk portion of the flight envelope under all appropriate flight conditions. Add a 
VRS cockpit warning system and appropriate simulator training. 

Summary Recommendation: Make the flight manuals correct, explicit, and simple. 


Operational Effectiveness and Suitability 


Summary Recommendation: Fix the existing maintenance publications system or 
adopt a new approach, such as the system currently being used by the F-18 or the one 
planned for the AH-1 . 

Summary Recommendation: Provide better physical access to obstructed areas for 
inspection and maintenance by ground crews, and substantially refine the diagnostics 
system. 

Summary Recommendation: Explore the suitability and limitations of the aircraft in 
such activities as tactical formation approaches, fast roping, and desert/night operations. 
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Recommendations 


Programmatics 


Summary Recommendation: Proceed with the V-22 Program, but temporarily reduce 
production to a minimum sustaining level to provide funds for a Development Maturity 
Phase, and keep to a minimum the number of aircraft requiring retrofit. 

Summary Recommendation: Implement a phased approach to return to operations with 
flight-readiness reviews before each phase. 

Summary Recommendation: Purchase adequate spares and logistics support. 

Summary Recommendation: Establish sufficient funding reserves to permit the 
Program Office to deal with unforeseen and unforeseeable circumstances without 
disrupting the entire flow of the program. 

Summary Recommendation: Increase formal and informal feedback among all 
members of the V-22 team. 

Summary Recommendation: Initiate monthly executive- level program management 
meetings and continue throughout the Development Maturity phase. These meetings 
should involve the Chief Executive Officers ofboth Bell and Boeing, the Navy Program 
Manager, representatives of the users (Marine and Special Operations Command), and 
the Joint Program Office Director. Action items should be assigned and monitored. 


XIV 
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Introduction 


Background 


On December 11, 2000, an aircraft assigned to the Marine Corps’ first operational MV- 
22 Osprey squadron crashed during a night training mission in a wooded area near 
Jacksonville, North Carolina, killing all four Marines on board. This was the second fatal 
accident for the new aircraft in 8 months, the previous mishap having been during a night 
Operational Evaluation (OPEVAL) test flight in Arizona, resulting in the loss of 19 
Marines. The Marine Cotps suspended flight operations imtil the most recent accident 
was fully understood and any new safety risk could be dealt with for the remaining 
aircraft. 

The Assistant Secretary of the Navy for Research, Development and Acquisition was 
scheduled to make a full-rate production decision in early December, but the mishap, as 
well as several suitability issues raised during OPEVAL, caused the Marine Corps to 
request that the decision be delayed until the mishap investigation was completed. 

On December 15, the Secretary of Defense, citing the mishap and testing issues, 
established an independent review of the program, which was termed The Panel to 
Review the V-22 Program. He appointed General John R. Dailey USMC (Retired), Mr. 
Norman R. Augustine, and General James B. Davis, USAE (Retired) to the Panel 

In a follow-up memorandum, the Secretary of Defense approved the Panel’s charter and 
added a fourth member. Dr. Eugene E. Covert. The charter required that the Panel report 
its findings and recommendations to the Secretary of Defense and estimated a 3- to 4- 
month effort (depending on the availability of mishap investigation results). 

The Panel charter is attached as Appendix A. 


The Panel 


The Panel to Review the V-22 Program consists of four members: General Joint R. 
Dailey, USMC (Retired); The Honorable Norman R. Augustine; General James B. Davis, 
USAF (Retired); and Dr. Eugene E. Covert. Gereneral Dailey is the Panel Chairman. 

The Panel was established subject to the Federal Advisory Committee Act (FACA). 

In accordance with FACA guidelines, the Department of Defense (DoD) appointed Mr. 
Gary J.Gray to serve as the Panel’s Designated Federal Official, and also as the Panel 
Executive Secretary. The Panel was also authorized a small professional and 
administrative staff. . The biographies of the Panel and key staff members are provided in 
Appendix B. 
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introduction 


Objective and Scope 


As established in the Secretary’s charter, the purpose of The Panel to Review the V-22 
Program is to conduct an independent, high-level review of the V-22 Program to include 
safety of the aircraft, recommend any proposed changes or corrective actions, and report 
the results to the Secretary of Defense. The charter listed five factors as they might affect 
safety and combat effectiveness of the aircraft: 

1) Training 

2 ) Engineering and design 

3 ) Production and quality control 

4 ) Suitability to satisfy operational requirements 

5) Performance and safety of flight 

In conducting the “high-level” review, the Panel assessed all aspects of the program with 
concentration on the five general factors above. The Panel had neither the resources nor 
the charter to perform detailed investigations of i-ecent mishaps, nor to provide exhaustive 
analyses or audits of any of the known technical or programmatic issues facing the V-22 
Program. Rather, the Panel kept its findings to the major issues, using the experience and 
expertise of its members and staff to recommend general solutions to significant 
problems related to safety, effectiveness, and programmatics. 


Approach 


The Panel used the technical staff to coordinate briefings and site visits during the 
assessment They invited officials from the Government and contractor program offices 

to brief them on history and current status of all aspects — technical and programmatic- 

of the V-22 Program. To get the user perspective, they visited the Marine training 
squadron at MCAS New River, Jacksonville, North Carolina, and the Special Operations 
Command Headquarters at Mac Dill Air Force Base, Tampa, Florida. They also visited 
contractor engineering and production facilities in Philadelphia, Fort Worth and 
Amarillo. They exercised engineering and training simulators; received V-22 
maintenance training lectures; and talked with production line supervisors, Marine and 
Air Force pilots, and niaintainers. The Panel talked with Navy and contractor engineers, 
safety professionals, and test pilots on a variety of technical issues 

The Panel organized into subpanels to analyze the various issues that surfaced during the 
fact-finding events. As a FACA Panel, they received a great deal of unsolicited input 
from members of the public, Government, and industry. Twice during the review, die 
Panel held open meetings, once to receive input from the public and once for formal 
deliberations. The schedule of fact-finding and open deliberations is included in 
Appendix C. 

Consistent with FACA guidelines, the Panel used publicly available information from 
previous studies, Mishap Investigation Reports (MIRs), and cost and alternative 
assessments. For neither of the two most recent major accidents has the MIR been 
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Introduction 


released, so the Panel based its findings on its own interviews and the results of the two 
relevant Judge Advocate General investigations. The Panel coordinated its review with 
an ongoing Defense Department Inspector General (IG) investigation concerning alleged 
falsification of certain aircraft material readiness information in the V-22 training 
squadron at Marine Corps Air Station New River, North Carolina. A letter confirming 
the consistency of Panel findings with that investigation is attached as Appendix D. 

The results of the Panel’s review are described in general terms in Section 1 (General 
Observations ) and Section 3, (Summary Conclusions and Recommendations). Specific 
discussion, conclusions, and recommendations are included in Section 2 (Specific 
Findings), 


History 


The I iltrotor Concept 

The idea of using a tiltrotor concept for an aircraft dates back to the late 1940’s and early 
1950’s. The first successful demonstration of tiltrotor feasibility was with the Bell 
Textron XV-3 under contract with National Aeronautical and Space Administration 
(NASA) and the Army. This 4,800-pound research aircraft was powered by a single, 
internally mounted radial reciprocating engine. Ii used a combination of transmissions, 
driveshafts, and gearboxes to drive the wingtip- mounted rotors and to rotate them up and 
forward for helicopter and airplane mode respectively. From the mid-1950’s through the 
early 1960’s, the XV-3 made 250 test flights, including 110 full conversions from 
helicopter mode to airplane mode and back. 

The XV-1 S P rototype 

Once the XV-3 demonstrated the feasibility of tiltrotor, NASA and the Army proposed 
the development of a new tiltrotor aircraft — the XV-15, awarding Bell Textron a contract 
to build and test two aircraft in July 1972. The XV-15 weighed 13,000 pounds and was 
powered by two turboshaft engines. The aircraft flew in helicopter mode in May 1978 
and airplane mode in July 1979. By 1981, the test team had expanded the aircraft’s 
envelope to 21 ,000- feet altitude and 300 knots cruise airspeed, and the Department of 
Defense formally began the Joint Services Advanced Vertical Lift Aircraft (JVX) 
Program. The goal of this program was to meet the needs of all four military services for 
a vertical takeoff and landing (VTOL), medium lift transport aircraft. In 1982, the Joint 
Services Technical Assessment concluded that tiltrotor technology was the optimal 
candidate to meet the joint Services’ needs. 

The V-22 Osprey 

The Deputy Secretary approved initiation of the program after a Milestone 0 Review in 
December 1981 to satisfy the multi- mission, multi-Service need. The Army led the 
original program. In 1982, the program was transferred to the Navy when the Army 
withdrew from the program because of affordability. 
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In April 1982, Bell Helicopter Textron and Boeing Helicopters teamed to pursue the .TVX 
program jointly. A year later, they received a preliminary design contract to validate the 
design and to reduce risk in the aircraft’s full-scale development (FSD) phase. In 1984, 
the Government designated the JVX as the V-22, Shortly thereafter, the Secretary of the 
Navy chose the name “Osprey” for the new aircraft. 

Full Scale Development 

Under the oversight of the Naval Air Systems Command, Bell Boeing began preliminary 
design work in June 1985. With successful completion of the Preliminary Design 
Review, tire Government formally approved Full Scale Development (FSD) at the 
Milestone II Review in April 1986. The objective of the program was to develop the 
V-22 with the intent of producing 913 aircraft for the Army, Navy, Marine Corps, and 
Air Force. The plan called for Initial Operational Capability (IOC) for the Marine Corps 
version in 1992. Critical Design Review was held in December 1986. Seventeen months 
later, the first FSD aircraft was rolled out, and it made its first flight on March 19, 1989. 

A month after the first flight, the Secretary of Defense determined that the V-22 was not 
an affordable program, and he requested no more funds for development. Production was 
terminated in December 1989. Congress disagreed with the Administration’s decision 
and continued to fund FSD, including development efforts to mature the tiltrotor 
technology, upgrade die drive system, and continue flight test using the FSD aircraft. It 
was during this time (June 1991) that the first V-22 was lost in a vertical takeoff accident 
due to miswiring of the flight control system rate gyros. Then, a second FSD aircraft and 
its seven military and contractor occupants were lost due to a nacelle fire during landing 
approach to the airfield at Quantico Marine Base, Virginia in July 1992. Following an 
analysis in October 1992, the Navy ordered continuation of V-22 development. Bell 
Boeing, a joint venture of Bell Helicopter Textron, Fort Worth, Texas, and Boeing 
Helicopter, Philadelphia, Pennsylvania, was awarded a contract for the Engineering and 
Manufacturing Development (EMD) of four production-representative MV-22 aircraft. 

Engineering and Manufacturing Development (EMD) 

The objective of EMD was to mature the design of the MV-22 through flight test of 
production-configured aircraft, to cont inue to fly two of the FS D aircraft on a risk 
reduction program, and to complete operational testing in support of a go-ahead for full 
production (Milestone III). The plan called for Initial Operational Capability (IOC) for 
the MV-22 in the second quarter of Calendar Year (CY) 2001 . The total production 
planned are as follows: 360 MV-22, Marine Corps variants; 50 CV-22, Special 
Operations Command variants; and 48 HV-22, Navy variants. The System Design 
Review, Preliminary Design Review, and Critical Design Review were accomplished by 
December 1994. The first CV-22 flew in February 2000, 3 months before the end of the 
MV-22 EMD flight test. 

Low Rate Initial Production 

In April 1997, after a successful Defense Acquisition Board review, the Under Secretary 
of Defense for Acquisition and Technology authorized the V-22 to proceed into Low 
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Rate Initial Production (LRIP). At the same time, lie directed the CV-22 Overarching 
Integrated Product Team (OIPT) to review the CV-22 Program prior to full funding of 
production and report back to him. Future V-22 production decisions were delegated to 
the Navy, subject to the satisfaction of defined exit criteria. Subsequent reviews and 
approvals were conducted by the Assistant Secretary of the Navy (Research, 
Development and Acquisition) in March 1998, March 1999, and March 2000 (LRIP Lots 
1, 2, and 3). At the March 2000 review, the Navy provided approval for MV-22 Lot 4 
foil funding and MV-22/CV-22 Lot 5 Advanced Acquisition Contract production 
funding. The first V-22 major accident in nearly 8 years killed 19 Marines in April 2000, 
when an Operational Evaluation (OPEVAL) pilot lost control of the aircraft during a 
high- rate descent to a desert runway at night. Following OPEVAL, the Assistant 
Secretary of the Navy (Research, Development and Acquisition) decided to postpone the 
Milestone III decision pending resolution of reliability and availability deficiencies that 
were raised during OPEVAL. Then, in December, another fatal accident occurred during 
a training mission when a Low Rate Initial Production aircraft assigned to the first 
operational squadron crashed during a routine night approach near New River, North 
Carolina. Pending the results of the latest mishap investigation, the V-22 aircraft are 
grounded, and the Milestone III decision awaits the results of that investigation as well as 
the findings of this Panel. 
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Section 1: General Observations 


In reviewing the V-22 Program, the Panel noted an aircraft that had completed its 
Operational Evaluation with mixed results. On one hand, the MV-22 satisfied all 13 of 
its Key Performance Parameters, thus introducing a new technology to the United States 
arsenal with unprecedented range, speed, and payload and combat survivability 
capabilities for its mission. On the other hand, poor demonstrated availability and 
maintainability results suggest that the aircraft and its logistics support system have not 
yet matured to the point of adequate supportability. Further, its reliability and safety have 
caused the Department of Defense to question its technological maturity. In addressing 
this dichotomy, the Panel found it appropriate to answer eight fundamental questions. 
These questions are answered in the text below, followed by specific findings that heat 
diem in more detail. 

Question 1: Is these a need for a capability such as that offered 
BY THE V-22? 

In the evolving global geopolitical circumstances wherein confrontations among major 
powers seem somewhat less likely and engagements involving smaller groups ranging 
from terrorists to mid-sized nations seem more probable, the type of capability identified 
for the V-22 would seem to be important. Such a capability includes the capacity to 
deploy rapidly over long distances and to engage in surprise operations by virtue of the 
flexibility inherent in an extended operating range and the ability to carry out missions in 
a single period of darkness. As an example, the Desert One mission involved 2 days of 
hiding in the desert. . .a mission that could have been carried out by a V-22- like aircraft in 
a single period of darkness. The high political stakes involved in such missions make it 
imperative that they be carried out successfully when undertaken. 

Question 2; Are there reasonable alternatives to the Y-22? 

There are no existing aircraft capable of carrying out the V-22 mission, although there are 
aircraft, or combinations of aircraft, that can carry out lesser missions or execute the V-22 
end mission with more time and reduced probability of success. Existing inventory 
aircraft are aging and will require replacement in the years ahead. Most of the current 
generation of aircraft are out of production and would be costly to reintroduce into 
production. New' developmental programs likely would focus on technology'' and 
concepts very similar to that represented by the V-22. 

Past experience indicates that: the greatest source of waste in defense acquisitions is in 
stopping partially completed programs, a practice that usually merely exchanges known 
problems associated with the current developments for unknown problems associated 
with the yet-to-be-developed systems. That is, if the operational need is legitimate and 
the fundamental concept being pursued is sound, one is generally best served by seeking 
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to resolve whatever problems have been encountered in the ongoing development. The 
two caveats noted are, however, vitally important. 

Question 3: Is the V-22 concept or its implementation 

FUNDAMENTALLY FLAWED? 

The V-22 is a very complex flying machine, both aerodynamically and mechanically. 
This is a consequence of the need for multiple proprotors, the need to limit the diameter 
of the proprotors to allow safe shipboard clearance, the requirement to fold the wings and 
proprotors to permit compact storage aboard crowded ships, and the need to tilt the 
engine nacelles. There have been five major accidents involving the V-22, and its 
predecessor, the XV- 15, that resulted in extensive loss of life and loss of aircraft. Of 
those, the basic causes in one instance was entirely unrelated to the uniq ue concept of the 
V-22, two were related only in a highly indirect manner to that concept, and two were 
aggravated by the side-by-side proprotor V-22 configuration. None had as its 
fundamental cause the tiltrotor concept. It appears that there is no basic inherent flaw in 
the tiltrotor approach, although such a configuration does tend to be unforgiving because 
of its propensity to roll when certain malfunctions (other than engine failure) occur that 
affect one side of the propulsion system and not the other. To date, the XV- 15 and the 
V-22 have accumulated approximately 6,000 total flying hours. 

Question 4: Does the V-22 provide the performance capability 

NEEDED TO ACCOMPLISH THE PRESCRIBED MISSIONS? 

The V-22 has demonstrated the ability to meet the prescribed missions within the 
uncertainty band inherent in performance requirement measures. Certain tactical usage 
questions remain to be resolved, such as fast-roping, tactical formation approaches, and 
night desert operations. 

Question 5: Is the V-22 adequately reliable to initiate 

OPERATIONS? 

The V-22’s reliability at this point is clearly inadequate to be utilized by operational units 
now or in the immediate future. Higher than predicted component failure rates and lack 
of appropriate attention to flight-critical hardware have combined to reduce dependability 
and increase risk. To attempt to push the aircraft in this state into routine operations 
would further discredit the basic concept of the tilt-rotor aircraft and very likely result in 
the inability to carry out the prescribed missions and possibly produce further casualties. 

Question 6: Is the V-22 maintainable by operational units? 

At the present time, the V-22 falls far short of being a tactically maintainable aircraft due 
to the confluence of a number of factors, which include the inadequacy of spares, a non- 
functional technical manual system, an unreliable diagnostics system, and poor 
accessibility to critical components in the nacelles. 
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Question 7: IsthbV-22 affordable? 

The V-22 is a very expensive aircraft. Nonetheless, it is unlikely that any new aircraft 
capable of carrying out a mission in the general regime of that specified for the V-22 
would cost significantly less. Indeed, any new aircraft of comparable performance would 
likely cost more, even if sunk costs were excluded in the comparison (as they should be 
in addressing future economic decisions). It is, of course, difficult to make a case for the 
V-22 as compared to the purchase of two CH-47s except for those missions that simply 
cannot be conducted by CH-47s (of which there are a number). However, overall costs, 
including personnel, support aircraft, etc., make the argument for the V-22 more 
compelling. 

Given the relatively small procurement quantities affordable with today’s overall defense 
acquisition budget, it is in fact extremely difficult to make a case for anv new 
development of any type. Under the current circumstances, one must presumably 
consider new developments in the context not only of purchasing a limited number of 
new articles of equipment bu t also in terms of purchasing an “insurance policy” that 
permits modem, more capable systems to be put into production more quickly' should the 
need arise in the decades ahead. 

Question 8: Has the Department of Defense acquisition process 

SERVED THE V-22 DEVELOPMENT WELL? 

The answer to this question is clearly “no.” To begin with, the process has not permitted 
the creation of financial reserves to deal with unforeseen and often unforeseeable 
contingencies that arise even in the best- managed development activities. The 2-year 
cycle required to obtain additional funding (even if the funding is then available) in DoD 
acquisitions is incompatible with the pace of the change in technology and the schedule 
of reasonable development pursuits. As a result, in the case of the V-22, funding 
limitations, aggravated by contractor performance shortfalls, have resulted in such 
occurrences as the use of production aircraft to serve as maintenance trainers, insufficient 
spares, and inadequate technical publications and other logistics support. 

In addition, the V-22 Program was initially structured to introduce a number of new 
capabilities simultaneously, thereby compounding the risk associated with the program. 
These new capabilities include a conceptually new design (a compound aircraft), an all- 
electronic maintenance manual system, a unique logistics numbering system, and a new 
operational-readiness reporting system... all while seeking to fulfill multi-Service needs 
and being vulnerable to an inadequate supply of spares (dictated by budgetary 
constraints). The consequences of these circumstances have been exacerbated by the fact 
that communications between users and developers, particularly contractors, have been 
sufficiently limited (not uncommon in DoD development activities) to the extent that 
confidence and morale among those who will be called upon to maintain and operate the 
system is low, . .often simply due to lack of information (in both directions). 

DoD budgeting practices that invariably underestimate the impact of inflation in the 
economy lend to further exacerbate funding issues. DoD testing of new systems has 
evolved over the years to become largely a report card for possible program cutbacks or 
cancellations, such that engineering tests for the sake of exploring and verifying designs 
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are no longer pursued to an adequate extent. Finally, programs having met system 
performance goals tend to transition from the development phase into limited and then 
full production and subsequent operation prior to having adequately demonstrated the all- 
important operational characteristics of mission reliability and field maintainability. 
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This section is organized into four subsections: 

1 . The Need for the V-22 a summary of the many requirements and alternatives 
analyses conducted over the last 20 years; 

2. Safety — a discussion of the several safety issues and mishaps, and Panel findings 
regarding the safety of the tiltrotor concept and of the specific V-22 design; 

3 . Combat Effectiveness — the Panel’s findings in the area of operational suitability; 

4. Programmatics — a discussion of various program management and resources 
findings. 


1 The Need for the V-22 


The stated need to replace medium lift helicopters for multipie-Service use is well 
documented in a series of studies conducted over the last 20 years, U.S. Marine Corps 
CH-46E and CH-53D medium lift helicopters began military' service in the early 1960s 
and are now experiencing technical obsolescence; escalating maintenance costs; reduced 
reliability, availability, and maintainability (RAM); and significant performance 
degradation. Current and projected CH-46E and CH-53D deficiencies include the 
following: 

1 ) Inadequate payload, range, and airspeed 

2 ) Lack of ability to communicate, navigate, and operate in adverse weather 
conditions, day or night 

3 ) Lack of self-deployment or aerial refueling capability 

4 ) Inability to operate in a Nuclear, Biological, Chemical (NBC) environment 

5 ) Insufficient threat detection and self-protection capabilities 

6 ) Unacceptably high maintenance and inspection rates 

7 ) Limited communication capability foT embarked troop commanders 

Marines support the MV-22 Program because the aging CH-46E and the CH-53D provide 
limited or no capability to perform many of the missions in which the MV-22 is most 
effective. The V-22 alternative also supports the Marine Corps’ doctrine of 
Expeditionary Maneuver Warfare, crisis response, and naval forward-presence 
operations. 

The U.S. Special Operations Command (SOCOM) uses a variety of fixed- and rotary- 
wing aircraft to perform special operations missions, the oldest of which are the 
MH-53J/M Pave Low medium lift helicopters with an average age of 30 years. The 
current inventory of aircraft lacks the self-deployment capability and performance 
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required to maximize the probability of success for assigned clandestine missions, 
especially those that must be conducted during one period of darkness. Current and 
projected SOCOM aircraft deficiencies include the following: 

x) Inadequate combat radius and speed to execute multiple, concurrent major theater 
war and national missions without incurring additional support requirements (e.g., 
strategic airlift, in-flight refueling sorties, and associated logistics tails) all 
resulting in an increased operational signature. 

2 ) Inadequate growth potential for emerging, self protection aircraft systems due to 
space/weight and design limitations. 

Air Force and SOCOM support for the CV-22 is based on a mission need, first stated in 
1981, that, from the current options, only the CV-22 aircraft can satisfy. The CV-22’s 
distinct advantage over helicopters in speed, range, payload, and increased survivability 
provides greater operational effectiveness. If restricted to using existing helicopters, 
SOCOM would not be able to accomplish some missions, and others would incur a much 
greater operational risk and still require force structure changes. The CV-22 requires less 
sustainment infrastructure and strategic airlift than helicopter alternatives. SOCOM 
already has reduced tanker aid helicopter infrastructure in anticipation of receiving the 
CV-22. 

The result of the Service needs was a Joint Operational Requirements Document (JORD) 
with 19 Key Performance Parameters (KPPs) (13 of which are unique to the MV-22), and 
nearly 300 other requirements. The major KPPs were the requirement for V/STOL 
capability, 500- mile range, 240- knot cruise speed, self-deployability, shipboard 
compatibility and the ability to carry 24 combat equipped troops. 

While the Panel did not review Special Access Programs or Defense Advanced Research 
Projects Agency (DARPA) studies, the Panel is unaware of any existing or conceptual 
aircraft capable of carrying out the V-22 missionas defined by the JORD. There are a 
number of existing aircraft that could carry out lesser missions or execute the V-22’s end 
mission with more time or reduced probability of success. Existing inventory aircraft are 
aging and require replacement in the years ahead. Most of the current generation of 
aircraft are out of production and would be costly to reintroduce into production. New 
development programs likely would focus on technology and concepts very similar to 
that represented by the V-22. 

Conclusion: The helicopter assets that the V-22 was designed to replace are aging and 
approaching obsolescence. For the Marine Corps and SOCOM, the combination of 
speed, range, payload, survivability, and self-deployability demonstrated by the V-22 
offer the warfighter the greatest probability of success of any existing or envisioned 
alternatives while minimizing casualties. 
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2 Safety 


2.1 Overview 

Two MV-22 aircraft and 23 Marines were lost in an 8-month period, just as the aircraft 
was completing its OPEVAL and just as the first operational squadron was preparing to 
take on its role of introducing the aircraft to the Fleet Marine Force (FMF). That brings 
to four the total number of V-22 losses since first flight in March of 1989 (three losses 
prior to fleet introduction). To put the safety history of the V-22 in perspective, Table 1 
compares major (Class A) mishaps for the pre- fleet introduction years of several other 
new aircraft types. 


V'J' . . 




V-22 

1989 - 2000 

3883 

5 

77 

F-14A 

1970 - 1973 

3813 

3 

79 

F- 1 6 A 

1975 - 1979 

3993 

2 

50 

i'-IS A B 

1978 - 1982 

4922 ■ 

3 

61 

11-60 (all 
types) 

Not Available 

Not 

Available 

T 

Not Available 

Source: Naval Safety Center; Headquarters Marine Corps Safety Office 

Note: All data are for development and operational testing phases. 


Table 1: Comparative Mishap Rates during Pre-Fleet Introduction 


Although the number of V-22 mishaps during pre- fleet introduction is not inconsistent 
with those of recent new fighter types, it is higher than the only other medium lift 
helicopter, and the number of fatalities is higher than all of the others in the comparison 
combined. Questions that are raised by the recent mishaps include the following: 

1 ) Is there an inherent safety flaw in the V-22 tiltrotor concept? 

2 ) Is flight crew training and assignment adequate? 

3 ) Is system reliability adequate? 

4 ) Is the system safety program adequate? 

5 ) Is the quality program adequate? 

To address these questions, the Panel reviewed the findings of the major mishaps 
(including one XV- 1 5 and four V-22 losses [three pre- and one post- fleet introduction]), 
as well as all reported hazards, minor mishaps, and safety- related deficiency reports 
during testing. The Panel also heard from Government and contractor system safety 
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engineers, test pilots, operational aircrew, maintenance crew, quality managers, system 
engineers, and experts on the subject of high-rate-of-descent hazards in rotorcraft. The 
Findings section includes discussions of V-22 unique safety issues, the safety 
implications of V-22 reliability deficiencies, and the V-22 Program’s approach to system 
safety engineering. The Panel was sensitive to the fact that neither Mishap Investigation 
Report (MIR) for the last two major mishaps has been released. The Panel did not 
conduct an independent investigation of either mishap; however, the results of the public 
portions of the Judge Advocate General (JAG) reports, along with limited discussions 
with engineers and pilots, were used to develop findings that relate to mishap causal 
factors. 

2.2 Safety Implications of the Tilt rotor Concept 

The Panel examined the reports summarizing the five major tiltrotor mishaps to address 
the question of inherent tiltrotor technology risk. Each mishap had its own particular 
cause factors. The Panel examined not only all of the mishaps but also the current safety 
risk posture as represented by the system safety program. To provide balance, the Panel 
also examined those unique features of tiltrotor technology that mitigate risks common to 
helicopters. In its assessment, the Panel compared those aspects of the V-22 that are 
unique to the tiltrotor concept with a notional medium lift, shipboard- based assault 
helicopter designed with today’s state-of-the-art systems and materials. 


1) In 1992, one of two Bell XV- 15 prototype aircraft crashed due to a maintenance 
error. A safety wire was left off a castellated nut that secures the proprotor to the 
governor linkage. When the governor disconnected, the proprotor surged to the 
maximum pitch setting and rolled the aircraft on its back. The aircraft was low 
when this happened, and the crew survived the inverted impact. This failure 
cannot be considered tiltrotor unique, as such a maintenance error could cost loss 
of any aircraft; however, the roll response was unique to the tiltrotor 
configuration. 

2 ) In 1991, Engineering Manufacturing Development (EMD) Aircraft 5 was lost 
during vertical takeoff on its first flight due to a miswirmg of two of three rate 
gyros in the flight control system. The reverse gyro feedback caused the pilot to 
lose roll control shortly after liftoff and the aircraft crashed wing and proprotor 
first. The aircrew survived the mishap, and there was no posl-erash fire. This 
type of production or maintenance error would pose a safety risk to any fly-by- 
wire aircraft and is therefore not a tiltrotor- unique hazard. 

a ) A fatal accident in 1992 at Marine Corps Base, Quantioo, Virginia was caused by 
the nearly simultaneous loss of an engine and the pylon mounted drive shaft that 
was providing redundant power to that engine’s proprotor. Seven crewmembers 
and contractor passengers were lost. The reason for the engine failure was 
compressor stall and fire due to oil ingestion. Oil had leaked from the proprotor 
gearbox area and pooled in the lower inlet lip area, dumping into the engine 
during nacelle conversion. The uncontained fire quickly destroyed the 
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interconnect driveshaft. The only part of this story that would be considered 
unique to the tiltrotor configuration is the concept of rotating the engine up to a 
vertical position. NAVAIR has since mitigated that risk for subsequent aircraft 
by the addition of fluid drains and interconnect fire protection. 

4 ! The April 2000, Mirana, Arizona, mishap was a case in which tire mishap pilot, 
while flying as wingman on a night formation approach, developed a high sink 
rate at low speed and most likely entered a regime of disturbed aerodynamics 
called vortex ring state (VRS) or power settling. The result was asymmetric loss 
of lift and accompanying roll at too low an altitude to recover before ground 
impact. All rotorcraft have the propensity for VRS-induced power settling, but 
the tiltrotor has several characteristics that are inherently unique- — some good, 
some bad: 


Good Characteristics 

• Relatively high disc loading theoretically means that the tiltrotor 
needs a higher sink rate than a comparable size helicopter does to 
enter VRS (V-22 tests will verify). 

• If the altitude is high enough, the roll-off will cause the aircraft to 
exit VRS (self-correcting), whereas some helicopters must be 
manually flown out of VRS (agah, V-22 tests will verify). 

• Rapid rotation of the nacelles only a few degrees promises to be a 
good way to avoid impending VRS relatively quickly (assuming 
pilot warning is adequate). 

Bad Characteristics 

• Relatively high disc loading makes it easier to develop a high rate 
of descent in a tiltrotor craft as compared to an equivalent 
helicopter (confirmed by pilots). 

• The tendency for the tiltrotor to respond to asymmetric VRS with 
an uncommanded roll will pose a higher risk of ad verse outcome if 
it happens at low altitude (wing- first impact for the tiltrotor vs. 
hard landing for the helicopter). 

5 ) The December 2000 mishap in North Carolina resulted from a loss of a hydraulic 
line, causing degradation in system redundancy, combined with an inappropriate 
flight control software design feature (one that had gone vmnoticed in laboratoiy 
tests or flying aircraft for over four years). The mishap occurred during a routine 
night-practice instrument approach. This hardware- failure-combined- with- 
software-defect scenario would pose a safety risk to any fly-by- wire aircraft. 
However, during the V-22 mishap, the yaw excursions that came from the 
asymmetric response of one proprotor compared with the other was part of the 
loss- of- control situation. It is difficult to envision a similar directional control 
situation for a helicopter configuration, although a like response could be 
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expected from a two- engine, fly- by- wire, propeller- driven, aircraft with a similar 
combination of failures. 

Minor. Mishaps and Hazard Reports 

There have been 36 minor incidents reported to the Safety Center by the Defense 
Contract Management Agency (DCMA) and the flight test community since September 
1998. The most serious of these are listed: 

1) In October 1998, an aircraft aborted a flight for failure of the Engine Air Particle 
Separator (EAPS) hydraulic quick disconnect. The hydraulic leak sprayed 
throughout the nacelle area, causing smoke but no fire. 

2 ) Three days later, the same aircraft experienced a small tire in the nacelle external 
to the engine compartment when the EAPS hydraulic line failed. 

3 ) In February 1999, during shipboard trials, the test pilot experienced roll pilot 
induced oscillations. There was no damage, as the pilot waved off the approach. 
The flight control software was modified to con'ect: a lateral axis flight control 
problem. 

i ) In February 20(X), an aircraft experienced a fixe in tire right nacelle. Maintenance 
error was involved in this incident, as hydraulic fluid leaked from a B-nut on a 
pressure elbow reducer. 

Of the remaining incidents, 4 involved the loss of a piece of the aircraft in flight, 1 1 were 
ground -support equipment damage incidents, 6 were maintenance errors, 2 were bird 
strikes, 1 was a flying quality complaint during external load testing, and 8 were minor 
design deficiencies. 

The Naval Safety Center database contains four hazard reports covering the time from 
June through August 2000. The most serious of these is in-flight loss of the interconnect 
drive shaft due to a coupling failure. As this is a backup system only, the crew was able 
to make a safe landing. One hazard report covers in- flight opening of the cabin door, and 
two discuss in-flight loss of hardware: one prop blade tip cap and one proprotor blade 
grip fairing. 

The Panel heard from OPEVAL pilots that on at least two occasions they had 
experienced large uncommanded roll excursions while flying in formation (probably due 
to flying through the lead aircraft’s disturbed air). These instances were not written np as 
hazard reports but are being treated by the Naval Air Systems Command as potential 
issues with regard to formation flight distance limitations. During development testing, 
the formation flying was limited to that required to ensure a safe distance limitation for 
conduct of OPEVAL tactical maneuvers. 

The V-22 incidents and hazards are not dissimilar from those associated with fixed-wing 
and helicopter configurations. None of them is entirely unique. If the comparison is 
limited to helicopters, then the roll oscillations at the ship and the roll excursions in 
formation flight would have to be considered unique to the tiltrotor concept. All of the 
others appear to be generic in both cause and effect. 
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Tiltrotor-Unique Risk Areas 

The Panel reviewed NAVAIR’s current listing of open and closed V-22 Safety Action 
Records (SARs) for those risk issues that could be considered uniquely inherent in the 
tiltrotor concept. None of the high-risk issues is tiltrotor unique. Of all the medium-risk 
issues, approximately 5 percent are directly or indirectly tied uniquely to the tiltrotor 
concept, as compared to a notional fly-by-wire medium lift helicopter. The most relevant 
examples are listed in Table 2. 


'Safety Action Recoid 

Ink 

Comments • ' vf. 

Departure from 
Conversion Attitude 
Control 

Failure of automatic flight control system during conversion 
could cause loss of control 

Failure Conversion 
Actuator 

Loss of conversion capability: must land at last nacelle angle 
setting; could cause loss of aircraft if no runway available and 
nacelles at low (high speed) angle 

Uncommanded Wing 

Stow Lock Pin 

Retraction 

Wing movement in flight could result in loss of control 

Longitudinal Trim 

Change with Nacelle 
Angle Change 

Negative (aft stick) trim during accelerating transition poses 
risk of loss of flight path performance during low- light- level 
or instrument conditions (helicopters need forward stick 
during accelerating transition) 

Invalid Angle of Attack 

Bad signal to flight control system could cause improper 
flight control response and loss of control 

V-22 Autorotation 
Characteristics * 

Relatively high disc loading makes autorotation more 
problematic than for equivalent weight helicopter 

Power Settling * 

See Mirana mishap discussion above 

* Autorotation and power settling per se are not unique tiltrotor risks, but depending on altitude, once in 
autorotation or power settling situation, tiltrotor configuration lends itself to a potentially worse outcome 
than for equivalent helicopter configuration. 


Table 2: Tiltrotor-Unique Safety Risk Issues 


Positive Safety Aspects of Tiltrotor 

Of the 1 1 enhancing characteristics reported by the OPEVAL test team, 4 involved 
tiltrotor-unique safety features: 

1) The high airspeed (demonstrated 258 knots maximum cruise speed) significantly 
reduces susceptibility to ground fire during the en route portion of the mission. 

2 ) The rapid decelerating transition capability gives the aircraft lower vulnerability 
to enemy ground fire in the landing zone. 
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3 ! The expanded range inherent in the tiltrotor concept gives the Marine 

Expeditionary Unit or Special Operations Force more mission coverage, and by 
its nature, that same capability gives the pilot more options for landing sites, both 
nominal and emergency. 

4 ) Pilot situational awareness in the landing environment is enhanced through the 
use of nacelle conversion vice pitch attitude to decelerate. 

Of the operational performance capabilities the tiltrotor concept enables, several have 
positive safety implications: 

1 ) The ability to transition to airplane mode after an engine failure and perform a 
precautionary landing on a runway means there should rarely be a need for two- 
engine- out autorotalion, 

2 ) Lack of tail-rotor further reduces the need for autorotation capability (compared 
to single-rotor helicopters). 

3 ) Lack of dependency upon a synchronization driveshaft for safe flight (compared 
to tandem- rotor helicopters, for which failure of the synchronization shaft with 
rotors turning is catastrophic). 

4 ) Substantial separation of engines (less chance that one adverse event will take out 
both engines). 

Conclusion: Tiltrotor technology introduces several safetyrelated challenges, as well as 
safety enhancements, to the medium lift mission. 

Conclusion: When considered in total, tiltrotor- unique risks do not appear to be 
prohibitive. 

Conclusion: All known tiltrotor- unique risks appear to be manageable through design 
modifications and operational procedures and techniques. 


( Recommendation: Continue to develop mitigation strategies to limit the potential for 
autorotation and the risk (probability and severity) of asymmetric thrust conditions. 


Specific recommendations are included in Subsections 2.3 The Mirana Accident and 
Vortex Ring State, 2.5 Autorotation, and 2.6 Downwash Effects on Tactical Operations. 

2.3 T he Mirana Accident and Vortex Ring State 

In April 2000, an MV-22 was destroyed, killing 19 Marines at a simulated remote landing 
site at the Mirana Arizona airport during a night OPEVAL exercise. The pilot of the 
second of a flight of two MV-22s lost control of the aircraft during a high-sink-rate 
descent and was unable to regain control before hitting the ground in a nose-down 
inverted attitude. 
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The Judge Advocate General investigation (Lt Col. Morgan letter 5830, B 0525, July 21, 
2000) listed two causal factors: 

Primary Cause: The mishap aircraft’s flight profile in the terminal area (high descent 
rate/low airspeed) most likely resulted in the aircraft experiencing a vortex ring state 
(power settling) and/or blade stall condition, which resulted in departure from controlled 
flight and the subsequent mishap. 

Contributing Factor: Nighthawk 71’s (Flight Lead) poor crew coordination and 
situational awareness were contributing factors to the mishap. 

The pilots involved were members of the Multi-service Operational Test Team (MOTT) 
assigned to HMX-1, the Marine Corps’ Quanlico, Virginia, based rotary-wing operational 
test squadron. The four pilots involved were all highly experienced in other aircraft 
types, with V-22 flight time ranging from 86 to 97 hours each. Each was fully qualified 
and current. Three of the four pilots had extensive CH-53 helicopter backgrounds before 
joining the V-22 Program. The fourth, the right-seat pilot- in-command of the mishap 
aircraft, was an experienced C-130 pilot with just over 50 hours in helicopters before 
joining the V-22 team. 

The lead aircraft pilot was preparing to land his two-aircraft formation at a specified 
landing spot on the Mirana airfield, but the combination of tailwind, late execution of his 
en route letdown, and the night-time environment all contributed to his setting up a 
higher- than-normal rate of descent. Meanwhile, the wingman was having difficulty 
maintaining position during the decelerating transition. He was 11 seconds behind the 
leader in initiating his nacelle conversion, the leader having begun his conversion without 
signal, and having used maximum 8 degrees per second nacelle rotation rate. As the lead 
aircraft slowed to Vertical Takeoff and Landing (VTOL) mode, the wingman found 
himself ballooning to an 800 (+) feet per minute (fpm) climb, followed directly by a 3900 
(+) fpm descent, presumably to try to maintain position on the lead aircraft. As the two 
aircraft approached 40 knots, the wingman was too far forward (3 o’clock high, 
according to the lead aircraft crew chief). He was moving back to his proper 45-degree 
azimuth position when he apparently entered vortex ring state, lost control, and crashed. 

Vortex Ring State (VRS) is a phenomenon wherein the combination of low forward 
speed and high rate of descent causes the upward flow of air around a rotor to approach 
the same velocity as the downwash produced by the rotor. When this happens, the rotor 
loses lift, and addition of power makes the lift loss worse. Vortex ring state could be 
considered an intermediary state between a power-on, lift-producing state, and a power- 
extraction, autorotatmg state. 

The Panel was briefed on the subject of High Rate of Descent (HROD)/low- speed flight 
characteristics by the helicopter aerodynamics instructor at the Naval Test Pilot School 
and the Bell Boeing lead test pilot for the V-22. One of the key points they made was 
that, although the V-22 has proprotors (highly twisted roots like propellers, and long flat 
blades like rotors), it should be considered a helicopter when it comes to low-speed 
HROD operations. Like all helicopters, the V-22 can experience VRS or “power 
settling” when it approaches flight conditions in which very low forward speed is 
combined with a high rate of descent and the addition of power. Once experienced, the 
only way to recover from the situation is to increase forward speed, avoid adding power, 
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and fly out of the condition. The mishap showed that the V-22, with its wingtip- mounted 
proprotors, could enter an asymmetrical VRS condition if the pilot (or the automatic 
flight control system) applies directional (yaw) control when the aircraft is close to the 
VRS boundary. In VTOL mode, directional control is achieved by differential rotor 
plane change — the proprotor plane inside the turn pitches backward, and the proprotor 
plane outside the turn pitches forward. In effect, the directional control will cause the 
inside proprotor to enter VRS (and lose lift) as the outside proprotor stays out of it (and 
continues to produce lift). The resulting asymmetric lift condition causes an 
uncommanded roll and, depending on altitude available for recovery, potential loss of the 
aircraft. The pilot and the automatic stability augmentation system can exacerbate this 
roll when they try to counter it with a roll command in the opposite direction. When the 
mishap aircraft lost control, its flight condition was 40 knots, in excess of 2000- fpm sink 
rate, descending through 300 ft. altitude. 

In 1995, The V-22 System Safety Program produced a Safety Action Record (SAR) titled 
“Loss of Thrast/Lift, Loss of Proprotor Thrust, Settling” based on several hazard 
analyses. The risk level assigned was ID (potentially catastrophic, remote probability of 
occurrence). The SAR included several thrust loss situations, including power settling. 
There was no mention of roll response or asymmetric VRS. The control listed for this 
hazard was “Training.” 

Power settling, is a phenomenon well known to helicopter pilots. All military helicopter 
pilots receive training and demonstrations of power settling in basic flight training. 
Marine helicopter student pilots are taught the 800/40 warning in ground school, and it is 
repeated in the TH-57 (basic trainer) Naval Aviation Training and Operating Procedures 
Standardization (NATOPS) manual. Depending on the type of rotorcraft, it manifests 
itself as a substantial loss of lift, most commonly preceded by a very noticeable 
aerodynamic vibration. If it happens at high enough altitude, the pilot, feeling the 
warning vibration, can usually fly out of it by lowering the nose, avoiding addition of 
power, picking up forward speed, and then flying out of the condition. If it happens at 
too low an altitude, the result is a hard landing or worse. Helicopter pilots are trained to 
stay away from high sink rates at low speeds, not only because of this phenomenon, but 
also to be in a better position to react to an untimely engine failure. According to Naval 
Safety Center records, there were six Navy/Marine Corps helicopter power-settling 
mishaps from 1988 to the present, including five Class C (hard landings with some 
damage) and one Class A (total loss) mishap. The Naval Safety Center analyst believes 
there may have been more VRS mishaps that ivere misdiagnosed as “settling w'ith power” 
or other causal factors. 

Due to a wording error, the preliminary V-22 NATOPS manual in effect at the time of 
the mishap included nothing on the subject of power settling or VRS. There was a 
warning to avoid sink rates in excess of 800 fpm at airspeeds below 40 knots calibrated 
airspeed (KCAS) that was erroneously placed in the “Emergency Procedures” paragraph 
entitled “Settling with Power.” Settling with power is not power settling. It manifests 
itself as a higher than desirable sink rate when the power available is less than the power 
required. (Of interest in the area of communications is that both the system safety analyst 
who wrote the 1995 SAR on power settling, and the NAVAIR engineer who wrote the 
NATOPS warning were former Army trained helicopter pilots. In the Army and Air 
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Force, the terms “power settling” and “settling with power” mean exactly the opposites of 
the same terms in Naval aviation). The NAVAIR Interim Flight Clearance in effect at the 
time of the mishap did not include any warnings or operating limits related to power 
settling. The mishap investigation report is not officially released yet, but Panel 
discussions with several members of the MOTT suggest that there may have been less 
than appropriate concern for power settling among OPEVAL pilots prior to the mishap. 
The poor coverage of the topic in NATOPS may have been a contributor. Three of the 
four pilots involved in the mishap were experienced CFI-53 pilots. The fourth had the 
most recent formal training in VRS in the helicopter transition-training program. All four 
were handpicked based in pail on demonstrated flying skills. Although they undoubtedly 
violated a warning in the NATOPS, it is not obvious from their actions that the pilots 
clearly understood the safety threat. 

In other helicopter manuals, power settling is discussed in the “Flight Characteristics” 
sections. Of the USMC helicopters in use today, only the UH-1 and AH-1 NATOPS 
contain a warning and a airspeed and vertical speed reference (40 KCAS and 800 fpm) 
similar to the V-22 warning. The warning is printed in the “Flight Characteristics” 
section rather than in the “Emergency Procedures” section. There is no warning and no 
specific sink rate or airspeed limit in the CH-53 or CH-46 NATOPS. None of the 
helicopter manuals includes any reference to power settling or low-speed sink-rate limits 
in the “Operating Limitations” section. After the mishap, NAVAIR changed the V-22 
NATOPS to include a discussion of VRS in the “Flight Characteristics” section and 
warnings and to add new procedures (including the need to minimize lateral directional 
inputs) under the title “High Rate of Descent in VTOL mode” in the “Normal and 
Emergency Procedures” sections. The change also made specific mention of 800- fpm 
sink rate in the “Operational Limits” section, and it substituted 80-degree nacelle for the 
old 40 KCAS, a point that some pilots told the Panel may be umiecessarily restrictive. 

The same warning also was added to the NAVAIR Interim Flight Clearance for the 
remainder of OPEVAL. 

Another issue that must be considered with respect to VRS in the V-22 is the aircraft’s 
propensity for rapid development of sink rate and the rotary- wing-common problem with 
airspeed indicator inaccuracies at and below 40 knots indicated airspeed (KIAS). During 
OPEVAL, test pilots demonstrated on a flight simulator that by pulling the thrust control 
lever all the way back, the aircraft could go from level flight to 3000 fpm (+) sink rate 
within 3 seconds at 40 KIAS with nacelles at 90 degrees. In addition, as is the case with 
all helicopters, standard airspeed indicator systems suffer from disturbed airflow at low 
forward speeds. Any warnings or flight limitations need to consider that point, and 
program officials should be alert for improvements in airspeed sensing and indicating 
technologies if VRS risk mitigation is to be effective. 

During development testing before the accident, the integrated test team, consisting of 
contractor and Patuxent River developmental test pilots, flew a limited number of test 
points to verify that the 800 fpm at 40 knots or less NATOPS warning was safe. For 
safety purposes, these tests were conducted above 10,000 ft. The tests included 10 data 
points below 40 knots, 7 of which were at sink rates above 800 fpm. The worst cases 
tested were 1700 fpm at 8 knots and 1600 fpm at 40 knots. Receiving assurance from the 
MOTT that the 800/40 limit would be acceptable for the OPEVAL, NAVAIR chose not 
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to continue the testing to explore the V-22 VRS characteristics or natural warning signs. 
Ater the mishap, NAVAIR called for a thorough investigative flight test program to find 
the boundaries of VRS, characterize its handling qualities, and establish the basis for a 
new flight limitation if appropriate, pilot procedures, and, if warranted, a cockpit 
warning system. The fleet grounding temporarily stopped work on this series of tests at 
5? data events. The test pilots to date have entered full VRS seven times, all below 40 
knots, and at sink rates between 2,600 and 3,900 fpm, They have noted some thrust 
fluctuation as they approach the VRS threshold, but in general, there appears to be less 
aerodynamic warning than exists in most helicopters as they approach power-settling 
conditions. 

When the testing is completed, its results will be used to determine an appropriate flight 
envelope that allows mission accomplishment and at the same time provides adequate 
margin for such factors as turbulent air, various wind conditions, and formation flying. 
The apparent limited warning of impending power settling causes some to suggest the 
need for a cockpit aural warning. Most also see the need to modify the simulator to 
support VRS avoidance training. To go beyond that and actually provide realistic VRS 
simulation probably would be a difficult (and possibly unnecessary) enhancement 
because it would necessitate the addition of highly complex aerodynamics modeling, a 
task that other aircraft trainers have found to be impractical. 

In summary, the V-22 community appears to have been poorly prepared for the situation 
that caused tire Mtrana accident. The NATOPS manual did not properly address VRS; 
the test program had not fully defined it; and although the engineering and system safety 
program forecast power settling for the V-22 in the right circumstances, they failed to 
forecast the violence of the roll response, or to clearly communicate the issue to one 
another. The accident itself has made the entire community aware of the real potential 
and disastrous consequences of VRS. That fact alone is the biggest single risk mitigator 
for this hazard in the future, but it must be followed by appropriate testing, procedures, 
flight limits, cockpit cues, and especially training, or this same mishap will happen again 
as memory of the mishap dims and the rotary'- wing experience level and quality of the 
pilots reduces to normal levels. The unwritten root cause of the mishap may have been 
poor communications among engineers (power settling vs. settling with power) and 
between the operators and the engineers, a topic covered in subsection 4.3 Program 
Communications. 


Conclusion: Performance of the mishap flight crews was inconsistent with the risk of 
vortex ring state (power settling) in the V-22. 

Conclusion: Although the current 800- foot-per- minute sink rate at 80 degree nacelle 
angle or less flight limitation may offer adequate safety margin, the envelope, warning 
signs, and flight characteristics of V-22 vortex ring state are still not well defined. 


Recommendation; Use the results of the planned higb-rate-o f-descent flight tests to 
update operating limitations, procedures, the NATOPS manual, pilot training (including 
the flight simulator), and a cockpit warning system. 
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Recommendation: Configure the pilot training simulator with the capability to provide 
vortex ring state training to the maximum extent possible based on model limitations and 
information available. At a minimum, include avoidance training. 


Recommendation: If testing indicates poor natural aerodynamic warning, the aircraft 
should be configured with a cockpit warning system. 


Conclusion: Night formation flight approaches require inter- aircraft coordination, 
especially during early nacelle conversions. 


1 Recommendation: Develop techniques and procedures for inter- aircraft coordination 
| during formation-decelerating conversions. 


Conclusion: If future operating limitations include a 40-knot indicated airspeed (or less) 
limit, then the V-22 airspeed indication system may not be adequate, as it is unreliable 
below 40 kts. 


Recommendation: If flight test results point to the need for flight limitation that 
includes airspeed of 40 kts indicated or less, procure or develop a more accurate airspeed 
indication system for the aircraft. 


2.4 T he North Carolina Accident and Flight Control System 
Reliability 

In December 2001, an MV-22 crashed in North Carolina during a routine training 
mission. 'The mishap investigation is ongoing, but the Panel received a briefing by the 
Senior Member of the Mishap Board on preliminary results, and late in its study was able 
to review the recently released JAG investigation report. The factors involved in the 
mishap include both a hydraulic line failure and a flight-control-system software anomaly 
that was introduced when the pilot repeatedly reset the flight control system. Neither one 
of these two failures by itself would necessarily result in a mishap, but the combination 
produced a loss of control, airspeed, altitude, and aircraft and crew. 

The V-22 Flight Control System (FCS) is a complex integrated fly-by- wire system with 
redundant computers, command paths, electric power, and hydraulic actuation systems. It 
also has an automatic fault detection, isolation, and redundancy management system. 

The JORD does not specify an overall FCS reliability number, but it does specify triply 
redundant FCS computers and an overall mission reliability of at least 85 percent for a 3- 
hour mission (threshold). The NAVAIR-detailed requirement for the V-22 specifies a 
total FCS reliability of one catastrophic failure in 10 million flight hours. Compliance 
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with this requirement is demonstrated by analysis, which is the industry standard for this 
type of requirement. It is based on the system architecture (including redundancy), as 
well as predicted reliabilities for all components. Table 3 compares the V-22 requirement 
with other aircraft requirements. It should be noted that the V-22 reliability standard is 
stricter than the Military Standard (MIL STD) suggests, for either transport or rotary 
wing aircraft. 




.eference) 


Reliability (prob. o 
failure) 


— : 

- 4 -r ,t ’ ■> 

sMfti 


V-22 (NAVAIR spec) 


1 x 10 failures per flight hour 


C-17 (USAF spec) 


1 x 10 failures per flight hour 


Class III military transport (MIL-F- 
9040D) 


5 x 10"' failures per flight hour 


25 x lO" failures per flight hour 


Rotary- wing aircraft (M1L-F-904QD) . 


F-18 (NAVAIR spec and M1L-F- 
9040D fighter) 


100 x 10"' failures per flight hour 


Boeing 777 (Federal Aviation 
Regulations) 


0.01 x 1.0" failures. per flight hour 


Table 3: Comparison of Flight Control System (FCS) Reliability Requirements 


HARDWARF RFDllNnANCY: 

One goal of the FCS design is to keep the aircraft in an “operational” state after the first 
failure (where operational means no degradation in handling qualities), and “safe” after 
the second failure (where safe means capable of safe flight to landing). This Fail- 
Operational, Fail-Safe (FO/FS) objective was met in most instances; however, as is the 
case with most aircraft, there are exceptions. One category of exception comprises 
mechanical parts known as the Critical Parts List. A critical part is defined by NAVAIR 
(SD-572-1) as “one, the single failure of which during any operating condition could 
cause loss of the aircraft or one of its major components, loss of control, ... or which may- 
cause significant injury to occupants of the aircraft.” The current list includes 
approximately 70 single-point failure points in the proprotor and associated drive system 
and 30 in the landing gear system. It is debatable whether failures in the landing gear 
system would necessarily result in catastrophic loss of the aircraft considering the slow 
speed of most takeoff and landing evolutions. It is clear, however, that certain proprotor 
and proprotor-drive-system mechanical failures could result in catastrophe if they 
occurred in flight. Every aircraft has a Critical Parts List, and the size of the V-22 list is 
not remarkable. The contractor is required to provide extra risk mitigation for the parts 
on the Critical Parts List. These parts are designed with high-design margins and 
reliability and are given special attention by the quality control and Government 
oversight inspectors. 
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The second category of exception to FO/FS is the first failure that results in less than 
operational capability. The hydraulic line failure that was a cause factor in the December 
mishap is an example of such an exception. Most of the hydraulic system is FO/FS. 

After loss of a single hydraulic system upstream of the nacelle- mounted switching valves, 
the system automatically switches to the backup hydraulic system with no loss of control 
power (FO). However, if, as in the mishap, the failure happens in the short stretch of line 
between the switching valve and the actuator, one of the two hydraulic systems that 
normally power the actuator is automatically isolated. As a result, all actuators to that 
swashplate are slower and are somewhat sluggish compared to their normal operation. 

For this case, the proprotor on the affected side reacts to control inputs slower than the 
rotor on the non-affected side. This condition has been shown in simulations to be a 
degraded but flyable mode of flight (FS); and pilots are trained in the proper techniques 
and procedures in their flight simulator. The NATOPS describes the handling qualities as 
“severely degraded” and advises landing as soon as possible. 

A previous similar hydraulic failure was discussed by the Panel in its April 18 public 
deliberation as being indicative of the low priority the V-22 community seemed to place 
on the exceptions to the FO/FS requirement. In February 2000, an OPEVAL V-22 
experienced a hydraulic 2/3 failure on the right side (the December North Carolina 
mishap began with a hydraulic 1/3 failure on the left side), and the pilot was able to land 
without incident. The line was replaced and the aircraft returned to service. The 
difference in that case was that the failure happened shortly after liftoff, and the pilot 
simply set the aircraft back down on the same long runway from which he had just lifted 
off. Had there been a high crosswind or gusty conditions, the pilot might have had more 
difficulty. Another difference in the February case was that the pilot did not perform the 
fl ight control reset procedure prescribed by NATOPS for such failures because he was so 
close to landing, and did not have time to do it. That kept him from having the software 
induced complication experienced by the mishap pilots. Tlie North Carolina mishap 
showed that the degraded system is relatively intolerant of unpredicted flight software 
anomalies, not just the predicted subsequent hydraulic failures, wind conditions, or 
improper pilot procedures. 

It is not uncommon for aircraft (especially rotorcraft) hydraulic systems to suffer leaks or 
worse failures. For that reason, the V-22 hydraulic system was designed with multiple 
redundancies in order to meet the 10' 7 goal. Most other helicopters are designed with 
dual redundant flight control systems, some of which have reduced flying qualities after 
the first failure. This extra level of redundancy in the V-22 design should provide the 
pilots with an extra level of safety, and confidence than they are used to in legacy 
systems. Unfortunately, the as- installed reliability of the V-22 hydraulic system 
components is being adversely affected by the close proximity of the hydraulic lines to 
other lines, structure, and wire bundles with unexpectedly abrasive cover materials. The 
cramped spaces and high vibration and acoustic environment of the engine nacelles can 
cause failure of clamps and fasteners (e.g. “click-studs”), and chafing of the hydraulic 
lines, as well as other parts. This fact makes the need for redundancy even more 
important to flight safety and suggests the need for even more than the normal safeguards 
for those redundancy exceptions. 
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Due to its location and to the limited placement of inspection panels on the nacelles., the 
line that suffered the failure in the mishap was not inspectable. The titanium hydraulic 
tube failure was caused by rubbing by a plastic -coated electric wire in close proximity'. 
Had the entire length of the tube been visible to the maintenance inspector, and had wear 
been detectable (which is not clear in the present design), the mishap might have been 
avoided. Whether it is with better access panel placement or borescopes, the maintainers 
need to be able to see these critical “exceptions” to hydraulic system redundancy. 

Conclusion: The V-22 flight control hydraulic components are experiencing failures at 
higher rates than predicted. Flight safety is, therefore, highly dependent on the 
redundancy features in the system. 


IRecommendation: Improve hydraulic system co mponent rel iability. 


I Recommendation: Take steps to mitigate the risk of loss of hydraulic system integrity 
(e.g„ chafing, fittings, leaks, vibration). 


I Recommendation: Develop techniques, tools, and methods for timely identification of 
hydraulic line chafing. 


Recommendation: Add acoustic sensors to the test nacelle and reevaluate the adequacy 
of current test nacelle environmental instrumentation in light of recent reliability 
problems. 


Conclusion: Inaccurate predictions of component reliability affect spares planning, 
squadron staffing, and flight safety. 


i Recommendation: Assess the process used by V-22 contractors to predict component 
reliability numbers and take steps to improve. 


Conclusion: Current Naval Air Systems Command policy requires that special attention 
(material, tolerances, quality inspections, tracking, etc.) be applied to all single-point 
failure modes in the flight control system, but it does not require any special attention be 
given to other exceptions to the redundancy design criterion. 
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Recommendation: Develop appropriate controls (design and life-cycle support) for all 
exceptions to the flight control redundancy requirements (not just those that are single- 
| point failures). 


The fly-by- wire flight control system is highly dependent on high quality computer 
hardware and software. The logic that is the basis for the many flight control laws and 
algorithms must be consistent with the overall requirement for FO/FS. This implies that 
if the aircraft suffers any single failure in the electrical, mechanical, or hydraulic parts of 
the system, there cannot be any software logic characteristic or failure that would result 
in an unsafe condition. The integrated flight control system must be designed, analyzed, 
and tested with these facts in mind. 

Boeing has the lead role in development and testing of the integrated flight control 
system. Their Philadelphia facility has the capability to conduct integrated hydraulics, 
flight loads, and software testing using the Flight Control System Integration Rig. Before 
the mishap, the facility had limited pilot-in-the-loop capability, and they had not tested 
the software against the particular degraded hydraulics state experienced in the North 
Carolina mishap. During the downtime, and in response to the preliminary mishap 
investigation results, Boeing has upgraded the capabilities of the integrated simulation 
facilities and is in the process of validating a set of off-nominal and failure scenarios that 
had been checked only by analysis during the 1996 validation and verification of the 
flight software. Boeing also has begun validating all flight control system emergency 
procedures with pilot-in-the-loop simulation runs. In addition, the company is holding an 
integrated flight control system review with participation from “graybeard” experts from 
within and outside the company to review' the requirements and the implementation of the 
requirements in the design. 

Conclusion: The North Carolina mishap identified limitations in the V-22 Program’s 
flight control software development and testing. The complexity of the V-22 flight 
control system demands a thorough risk analysis capability, including a highly integrated 
software/hardware/pilot- in-the-loop test capability. 


Recommendation: Conduct an independent flight control software development audit of 
the V-22 Program with an emphasis on integrated system safety. 


I Recommendation: Conduct a comprehensive flight control software risk assessment 
prior to return to flight. 
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Recommendation: The V-22 Program should not return to flight until the flight 
procedure and flight control software test cases have been reviewed for adequacy and 
have been evaluated in the integrated test facilities. 


2.5 Autorotation 

The JORD states that the V-22 must be capable of performing a survivable emergency 
landing with all engines inoperative, and identifies the requirement for the aircraft to be 
capable of conducting a po wer-off glide/autorotation. The Panel members heard from the 
Director of Operational Test and Evaluation that, “Basic rotorcraft engineering analysis 
indicates that the V-22 will have a difficult time achieving a stable autorotation following 
a sudden power failure at high power settings, and that the probability of a successful 
autorotational landing from a stable autorotative descent is very low.” According to a 
white paper provided by the V-22 Program Office, the capability of the V-22 to perfonn 
autorotations was examined during the developmental phase of testing. “V-22 
developmental testing inc luded autorotative descents in the aircraft and autorotations to 
landing in the simulator, , .The V-22 has demonstrated stable autorotative descents as 
described above in flight test and offers enough control to the pilot to touchdown at a 
survivable rate of descent, but evaluations in the simulator have shown limited 
repeatability of making a safe landing at the touchdown phase. This is largely due to the 
small amount of energy in the rotor system available to the pilot for managing descent 
rate and speed at touchdown.” 

The proprotor disc of the V-22 is relatively small when compared with those of 
helicopters. The size of the disc was defined in large part by the requirement to 
accommodate shipboard operations. The twisted proprotor blades were designed as a 
compromise that would permit hover performance in the helicopter mode and turboprop 
cmise performance in the fixed-wing mode. From an autorotative perspective, these 
designs result in higher rates of descent, higher airspeeds, and less rotor energy at the 
bottom of an autorotation available to convert to lift. This necessitates run-on landings at 
higher airspeeds (60kts) than helicopters at the bottom of the autorotative descent. 
NATOPS contains preliminary procedures (currently being revised) for autorotation. 
While not fully tested in Developmental Test (DT), the intent is to give the pilot the 
procedures that would maximize the probability of a favorable outcome should an 
autorotation occur. FMF pilots are not cleared to conduct autorotations except in 
emergencies; practice autorotative descents also are not allowed. All pilot training for 
autorotation and airplane mode power-off glide is via simulator. 

While autorotations may be problematic for the V-22, development test pilots have 
concluded from simulation and high altitude tests that an airplane mode glide landing can 
be perfomied with repeated success to a hard surface runway. They believe its 
performance will be similar to other fixed-wing aircraft with similar glide characteristics. 
V-22 pilots receive simulator training in the proper techniques for unpowered airplane 
mode landings, but as with autorotations, they do not yet practice them in the aircraft. 

The probability of the V-22 being forced to execute an autorotation vice a power-off 
glide is low. The combination of high engine reliability, large separation between 
engines, lower vulnerability to ground fire than CH-46/53 predecessors, and the lack of a 
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tail- rotor make the chances of an autorotation lower for the V-22 than for a typical 
helicopter. It also must be stated that the V-22 is a hybrid aircraft designed to an 
employment concept requiring 70 percent of its airborne life to be spent in airplane mode 
and only 30 percent of its airborne time spent in conversion or helicopter mode. To 
further reduce the possibility that the aircraft would be forced to perform an autorotation, 
V-22 pilots are trained to transition to (or stay in) airplane mode after a single engine 
failure. Helicopter and conversion modes are allowed to accommodate landing, but this 
proactive strategy places the aircraft into the safest possible posture should the second 
engine or interconnect drive shaft (ICDS) fail. One note of concern, however, is that 
according to the NATOPS emergency procedure for single engine flight, at the 
conclusion of the airplane mode flight, aircraft should be landed vertically. According to 
the Bell Boeing test pilot, this discontinuity is probably due to the lack of experience 
among the V-22 community with glide landings, and the lack of sufficient developmental 
test in this area. 

Conclusion: The V-22 has less autorotative capability than most helicopters and more 
than any fixed-wing aircraft. 

Conclusion: The high disc loading of the V-22 limits the potential for improvement to its 
autorotative capability. 

Conclusion: The V-22 has less power-off glide capability than most fixed-wing transport 
aircraft and more than any helicopter. 

Conclusion: Employment concept, design features, and pilot training will limit the 
probability of an autorotation having to be conducted. 


I Recommendation: Reassess the requirement for autorotative flight in view of the low 
need, low probability of improvement and the existence of alternatives. 


Conclusion: The V-22 community does not appear to place enough emphasis on the 
glide- landing capability of the aircraft as an alternative to autorotation, especially in the 
one-engine-out procedures. 


Recommendation: Reassess the capability of the V-22 to conduct power-off glides. 
Explore design and operational techniques to optimize power-off glide capability (e.g. 
minimize proprotor drag commensurate with auxiliary power requirements). 


D 


Recommendation: Ensure that the full flight simulator used by pilots at Marine Corps 1 
Air Station, New River accurately emulates both autorotative and power-off glide :» 

simulations to the degree required for effective pilot training. jj 
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The NATOPS procedure includes procedures for two engine-out cases, but not for the 
case where an engine and interconnect drive shaft (ICDS) are lost. The V-22 System 
Safety Manager indicated that, based on commercial failure data for the Rolls Royce 
Allyson AE 1107C engine, the probability of two engine failures within the same one- 
hour flight is predicted to be 1 X 10" 10 . A similar analysis predicts failure of one engine 
coupled with an ICDS failure at 4 X 10‘ 8 . This scenario caused loss of an aircraft and 
crew in 1992 at Quantico, Virginia. Of note here is that the chance of the V-22 losing 
one engine and having a subsequent ICDS failure is almost two orders of magnitude 
greater than the probability of the aircraft having a dual engine failure, yet the NATOPS 
procedures do not cover that case. 


Conclusion: There are no emergency procedures in NATOPS for a single-engine failure 
coupled with an ICDS failure, a situation that would require a power off glide landing or 
an autorotation. 


I Recommendation: Reassess the requirement for (and priority of) autorotative flight in 
view of the low probability of improvement and the existence of alternatives. 


2.6 Downwash Effects on Tactical Operations 

During briefings conducted in January and in a subsequent white paper presented to the 
Panel, the Director of Operational Test and Evaluation raised concerns that the high- 
velocity, turbulent downwash field generated by the V-22 had direct negative 
consequences on several of the V-22’s required functions. These included: remote 
operations to unprepared surfaces, personnel deployment and recovery in a hover, and 
external bad operations. In addition, the V-22 Commander, Operational Test and 
Evaluation Force (COMOPTEVFOR) OPEVAL report identified downwash effects as a 
major deficiency for the successful deployment of the aircraft. The report stated, 

“. . .because of ‘brown out’ conditions, experienced pilots found it very difficult to land in 
a desert environment at night while using Night Vision Devices (NVDs). Downwash 
also impacted all direct- assault missions utilizing ropes. Techniques for ropers will have 
to be developed to enhance their capability to fight once on the platform.” Separate 
discussions with USMC and USAF OPEVAL pilots yielded a variety of opinions on the 
level of risk associated with downwash and the potential to be able to successfully 
mitigate the risk with the development of tactics, techniques, and procedures (TTPs). 

There is no question that the high disk loading of the V-22 generates strong downwash 
effects. The question that must be addressed is, “Can the negative consequences 
addressed by DOT&E and the OPEVAL report be overcome adequately by tactics, 
techniques, and procedures (TTPs)?” The answer to this question will require a 
considerable amount of additional testing. 
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Remote Area Operations 

Landing a helicopter at night in a desert environment using Night Vision Goggles 
(NVGs), has always been an extremely challenging task for aircrew, With its 
indiscernible shifts in topography, varied soil composition, and constantly changing 
illumination effects resulting from changes in the reflectivity of the terrain, desert NVG 
flying poses many risks. Over the years, significant improvements have been made to 
both the capabilities of aircraft NVD systems and the associated TTPs to utilize them. 

The V-22 incorporates the latest in NVD technology, to include the latest generation of 
NVGs, an NVG Head-Up Display (HUD), and Forward Looking Tnfra-Red Radar 
(FLIR). While these NVD systems will help in the development of TTPs during desert 
operations in follorwon testing, an important advantage of the V-22 is it’s expanded area 
of influence. The V-22 will be able to range a significantly greater number of acceptable 
landing zones than a helicopter. Landing zone selection will be one of the considerations 
when mitigating the risks of downwash- induced brownout, although there will be 
occasions when a sand or snow landing is the only choice, and for those cases, 
appropriate techniques will be required. 

Conclusion: The downwash in the V-22 is inherently greater than in most helicopters; 

however, 

Conclusion: The V-22 is configured with Night Vision Device capability and has the 
range to reach a far greater number of landing zones than a helicopter. 

Conclusion: Testing in a desert environment, particularly at night, to date has been 
insufficient to fully develop appropriate techniques and procedures. 


Recommendation: Continue to develop procedures and techniques for the high- 
downwash “desert brownout” situation, and incorporate them into the training manuals 
and syllabi. 


Recommendation: Restrict tactical- unit night operations in landing zones that have the 
potential for brownout until procedures and techniques are developed and approved. 


PERSONNEL DEPLOYMENT/RECOVERY FROM HOVER f IN AND OUT OF GROUND EFFECT) 
The OPEVAL report, in its evaluation of alternate insertion and extraction techniques, 
reported, “Of all of the operational scenarios, the one in most jeopardy is direct action 
assaults because of downwash and safety concerns.” The .TORD requires that the aircraft 
have the capability to employ the following: 

• Two fast ropes off the ramp and one out the cabin door to quickly 
deploy personnel in a hover. (Threshold) 
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• Fast Rope Insertion and Extraction System, Stabilized Extraction 

Rigging, and rope ladders through both the ramp aid cabin door. 

(Threshold/USSOCOM) 

The MV-22 demonstrated the capability to effectively employ one fast rope off the ramp 
and one fast rope out of the aft cargo hook opening, but it did not demonstrate the 
capability to fast rope out of the cabin door. Additionally, to reduce the effects of 
downwash, hover altitudes of 65 to 75 feet were maintained, which exposed both the 
aircraft and ropers to potential threats for a greater period of time. The V-22 Operational 
Test Director agreed that fast rope proved to be the most difficult of the Alternate 
Insertion/extraction (AIE) operations conducted during OPEVAL. Follow-on test and 
evaluation will be conducted to develop TTPs, in an effort to address AIE operations. 

A number of lessons were learned during fast-rope operations conducted during Military 
Operations in Urban Terrain (MOUT) evaluations as part of OPEVAL. It was found that 
the extremely stable hovering characteristics of the MV-22 were an enhancing feature 
during rope operations. Pilots also developed the technique, during this testing, of 
posit ioning the engines off the edge of the rooftop to reduce downwash effects on the 
ropers. It also was noted that downwash had the potential to be enhancing for some areas 
of low- intensity conflict. It may be an effective method to use to control unarmed 
crowds. 

The Program Office does not believe that fast-roping operations from the cabin door is an 
option worth pursuing and has recommended a JORD change for an alternative location 
to meet this requirement. The Rappel mission and the Special Patrol Insert and 
Extraction (SPIE) mission were executed effectively by the MV-22, although rappelling 
was not accomplished through the cabin door. The V-22 was assessed as having the 
capability to meet the ORD requirement for helocast (personnel or small boat exit out the 
aft ramp) by traditional techniques under daylight conditions. Night helocasting was not 
accomplished due to the lack of a precision (coupled) hover. Over-water recovery of a 
Special Operations Force (SOF) team was not evaluated because of the lack of both a 
rope ladder system and a suitable hoist. The OPEVAL report did assess these missions to 
be at risk due to the anticipated effects of downwash. The Program Office indicates that 
there is currently no suitable certified rope ladder either available or planned. It is 
currently investigating improvements to the hoist (the development of which is unfunded) 
and alternate locations for its incorporation. 

The concept of personnel deployment from a hovering V-22 has been partially demonstrated. 
Several JORD requirements in this area remain to be demonstrated but could be jeopardized 
duo to the high downwash velocities and lack of side cabin door and hoist capability. 


Conclusion: The concept of personnel deployment from a hovering V-22 has been only 
partially demonstrated, and techniques and procedures need to be developed. 


Recommendation: Revalidate the requirements for Personnel Deployment and 
Recovery operations. 
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Recommendation: If the requirements remain valid, then incorporate appropriate hoist 

and ladder systems in to the aircraft as soon as possible. 


Recommendation: Conduct follow-on testing and evaluation to address tactics, 
techniques, and procedures to be used in the conduct of Personnel Deployment and 
Recovery operations. 



External Load Operations 

The white paper from DOT&E states that while external load operations conducted 
during QPEVAL demonstrate that such operations are possible, “they remain a 
significant challenge.” The paper goes on to state that, “New procedures and training 
may mitigate this problem, but the safe and effective accomplishment of this key USMC 
mission requirement remains a serious concern.” The OPTEVFOR report ofOPEVAL 
did not consider this to be an issue, but there are some unknowns concerning the proper 
procedures to minimize the chance of injury to the ground crew while working in the 
dowmvash on external payload activities. 

Conclusion: While external load capability was demonstrated successfully during 
QPEVAL, there remain several challenges to its successful operational introduction. 


Recommendation: Conduct follow-on test and evaluation to further refine tactics, 
techniques, and procedures and to ensure that external operations can be conducted safely 
and effectively. 


2.7 Pilottraining 

The Panel examined the pilot and aircrew training system for adequacy. Panel members 
recei ved briefings from the Program Office and front VMMT-204, and ground school 
and simulator training personnel. Panel members also flew training sessions in the flight 
simulator, and reviewed the MV-22B Training and Readiness (T&R) manuals, the 
NATOPS flight manual, and the VMMT-204 Flight Standardization Manual. 

The MV- 22 pilot and crew chief flight training syllabi are contained in Volumes S and 
10, respectively, of the MV-22B Tiltrotor, NATOPS flight manual, which is currently in 
draft form for final staffing. These volumes provide the templates for standard MV-22 
units and define the squadron’s core capability and basic aircrew qualification 
requirements, as well as the sorties required to maintain core skills. They also contain the 
Programs of Instruction (POIs) for basic, transition, and refresher aircrews, as well as 
POI for instructor aircrew. The aircrew T&R syllabi use the stairstep approach to 
training throughout all four phases of flight training— combat capable, combat ready, 
combat qualified, and foil-combat qualification. VMMT-204 is tasked with conducting 
all combat-capable training, The other three phases of flight training will be conducted in 
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tactical squadrons. While Volumes 8 and 10 are well thought out and provide a logical 
sequential approach to training and readiness, they do include a number of sortie 
requirements that will require waivers until appropriate flight clearances are received. 
These include defensive air combat maneuvers, night externals, air-to-air gunnery; and 
certain alternative insertion and extraction techniques. 

The requirements for aviation ground and simulator training are integrated within each of 
the four phases of flight training. Aircrew will not fly an aircraft or simulator event 
without first completing the corresponding Integrated Multimedia Instruction (IMI) 
lesson or lessons for the event. The IMI, a series of computer-based interactive lesson 
plans, demonstrated to the Panel members during their visit, is state-of-the-art and is a 
significant improvement over previous ground training tools used by training squadrons. 

Simulator flights are used to begin each stage of training and prior to the introduction of a 
new skill. The amount of simulator flight time flown by pilots during combat-capable 
training is consistent with that flown in fixed-wing syllabi but is significantly greater than 
that currently flown in helicopter syllabi. The capability of the new generation of 
simulators has been maximized in the MV-22 syllabus without sacrificing actual aircraft 
flight time during training. Current simulator capability at MCAS New River for the 
MV-22 ranges from the Cockpit Procedural Trainer (CPT), an instrument trainer with no 
visual or motion capability, to the Operational Flight Trainer (OFT), (ho device used to 
train the initial cadre of students. Although it is a full- motion simulator, the OFT does 
not compare to the capability demonstrated by the newest simulator at New River the Full 
Flight Simulator (FFS). The FSS is a state-of-the-art industry standard and is a Federal 
Aviation Agency (FAA) Level D simulator built by Flight Safety International. The FSS 
is fully “networkable,” meaning pilots under instruction will be able to man multiple 
networked devices and train together. The USMC Simulator Master Plan outlines the 
requirement for four FFSs and three Flight Training Devices (FTDs) to be built at Marine 
Corps Air StationNew River. The FTD is an FSS equivalent by every measure except 
motion. It also will have the capability to be networked. 

The FSS uses actual aircraft mission computers, whose software is modified at the same 
time that actual aircraft on the flight line are modified. Flight control software in the FSS 
is emulated as opposed to using actual flight control computers. This is a cost-savings 
initiative; flight control software is much more stable than mission computer software is. 
The Panel is concerned that changes in aircraft flight control software will be emulated 
concurrently for the FSS. Often, this area does not receive adequate attention. 

Future training plans call for students destined for the V-22 community to receive some 
amount of two-engine turboprop experience. The Panel views this as a good approach, 
considering the amount of time the V-22 will spend in the airplane mode and the need for 
the pilots to feel comfortable with the airplane- mode, single-engine procedures and 
power-off glide procedures. 

Conclusion: The MV-22 aircrew flight training syllabi and their integration with ground 
training and simulator flights appear to have been well thought out and documented. 
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Conclusion: The IMI ground training and Full Flight Simulators are state of the art. 

Conclusion: The MV-22 Standardization Manual adequately addresses flight 
standardization within VMMT-204. 

Conclusion: Although adequate now, historical precedent suggests that funding may not 
remain stable throughout upcoming budget cycles. 


Recommendation: Provide adequate funding for aircrew ground training, aircraft 
simulators, and upgrades to training devices. 


The MV-22 Flight Standardization Manual developed by VMMT-204 promulgates 
standardized procedures to be used for the conduct of instructional flights within the squadron. 
The manual is intended as a supplement to the NATOPS Flight Manual, the Instrument Flight 
Manual, tire MV-22 Tactical Manual and the MV-22 T&R Manual. The manual was drafted 
by pilots who participated in both developmental and operational testing of the V-22 and 
contains descriptions of flight maneuvers that are not described or covered in sufficient detail 
in these manuals. The MV-22 Tactical Manual, identified in Volume 8 as NWP 3-22.5, has 
not yet been published. A draft Operational Tactics Guide (OTG) is under development by 
the Advanced Tilt-Rotor Training Unit (ATTU). The ATTU was developed to aid in the 
transition of USMC squadrons to the MV-22. After the first MV-22 tactical squadron 
completes ATTU training, the OTG will be forwarded to the MV-22 Tactical Manual Model 
Manager, MAWTS -1, where it will be reviewed and published. 

NAVAIR is currently the Model Manager for the MV-22B NATOPS manual The 
preliminary manual was first published in August 1999, just prior to the beginning of 
OPEVAL. The Panel found the relatively large size of the MV-22B NATOPS manual to 
be consistent with the fact that the V-22 is a complex aircraft and the first operational 
tiltrotor aircraft. The OPEVAL report stated that the manual “lacked adequate content, 
accuracy, and clarity.” This is unsatisfactory, but not unusual for a preliminary NATOPS 
manual. However, implementing appropriate changes to the NATOPS manual should 
have been expedited initially. Since OPEVAL, eight interim changes have been 
incorporated into the NATOPS manual. At the latest MV-22B NATOPS manual 
conference in October 2000, more than 1 ,400 changes were made to the manual. The 
updated manual is scheduled to be published in May 2001. 

The Panel agrees with the Program Office that once the magnitude and frequency of the 
changes to the manual decrease, VMMT-204 should assume tire responsibility as model 
manager for the M.V-22 NATOPS. 


Conclusion: At this early stage in its development, the relatively large size of the V-22 
NATOPS manual is considered consistent with the fact that the V-22 is a complex 
aircraft and is the first operational tiltrotor aircraft. 
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Conclusion: The V-22 NATOPS manual is undergoing the same developmental growth 
experienced by previous new aircraft manuals; however, because of the challenges 
currently facing the MV-22, extraordinary effort needs to be placed on the NATOPS 
manual so that it reaches the necessary level of maturity before training resumes. 


Recommendation: Publish updates to the MV-22 NATOPS manual, and verify with 
VMMT-204 pilots before the first operational flight to support pilot/squadron transition 
and re-currency training. 


Recommendation: Convene an out-oflcycle NATOPS manual conference prior to the 
first squadron operational flight to assure consistency and adequacy of the “Emergency 
Procedures” and “Operating Limitations” sections. Develop an expeditious process to 
incorporate changes from this conference and from ongoing test and evaluation activities. 


2.8 Crashworthy Fuel Tanks 

The JORD requires that the aircraft fuel tanks, both permanent and auxiliary, be 
crashworthy. The tanks must be self-sealing and nitrogen inerted. The aircraft in the first 
two Low Rate Initial Production (LR1P) lots (aircraft 1 1 through 22) are configured with 
extensible fuel bladders in the sponsors. The extensible tanks axe designed to dissipate 
energy by expanding or deforming under crash loads, thus minimizing the chance of 
bladder leak. The auxiliary tanks were still in development during OPEVAL, so the test 
aircraft was configured with an interim non-operational auxiliary tank: on a waiver. The 
extensible wing tanks have yet to be tested for crashworthiness. 

When subjected to the MIL STD 65-ft drop test, the sponson extensible fuel tank passed, 
but because it was not configured in a test sponson for the drop, the results are 
inconclusive. The Program Office changed the sponson tank design effective with Lot 3 
and subsequent to a non- extensible design. When tested, the new design failed, 
developing a small leak. The tank was redesigned and successfully tested; however, the 
new design will not be installed until the LR1P Lot 4 (aircraft 30 and subsequent). Due to 
lack of retrofit funding, the program had to satisfy itself that flying the earlier aircraft 
with noncompliant sponson fuel tanks would be acceptable. The program conducted a 
risk assessment and determined that the marginal additional risk to the operators of flying 
the early LR1P aircraft with noivcompliant sponson fuel tanks was medium (RAC ID). 

During the Panel’s visit to VMMT-204, flight crew personnel expressed concern about 
the program decision to fly the LRIP Lots 1-4 aircraft indefinitely with non-compliant 
sponson fuel cells. This is another case where communications among operators and 
engineers may be lacking; however, some of lhe concerned aircrew were witnesses to the 
Mirana mishap, and they want assurance that they are not taking undue risk. It should be 
noted both of the recent accidents involved impact forces significantly higher than 
anything that even compliant fuel tanks could tolerate. No one thinks compliant fuel 
tanks would have prevented those fires. 
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Conclusion: Although the program risk assessment satisfied the Program Manager that 
the non-compliant sponson fuel cells are safe for flight, the concerns expressed by the 
training squadron should be addressed and communicated. 


Recommendation: Configure (by retrofit or test) all operational aircraft with 
crashworthy fuel cells at the first opportunity (see later recommendation with respect to 
retrofit funding), 

and, in the meantime, 

Recommendation: Communicate the interim risk acceptance rationale to the operational 

community. ___________ 

2,9 Production Quality 

The Panel received briefings from the Program Office and contractor managers on the 
status of the V-22 Quality Program. Among the topics discussed at the production plants 
was the history of quality issues during EMD and LRIP, as well as several quality- 
improvement efforts that are under way. The Panel also received briefings from the 
Defense Contract Management Agency (DCM A) managers at Bell and Boeing. They 
accompanied the Panel on its tours of the production line and discussed their roles in 
providing quality oversight for the Program Manager. 


Quality of the production aircraft was a sizable problem for the program early in LRIP. 
One of the first LRIP aircraft had nearly 150 discrepancies upon receipt by the 
operational unit. While many of those discrepancies were paperwork problems, there 
were a substantial number of hardware defects. The first part of the OPEVAL was 
adversely affected by a variety of production quality issues (configuration problems and 
assembly defects). This was the reason the OPEVAL results were stated separately for 
the two parts of the test period (before and after February 22, 2000). 

One of the reasons for early program quality issues was the tight tolerances and cramped 
quarters in the nacelle. Another was the transition of final production from Fort Worth to 
Amarillo, with a completely new workforce. As LRIP continued to produce aircraft, the 
quality deficiencies went down until today, the quality performance learning curves at all 
three contractor locations appear to be as planned or better. For example, the number of 
“customer squawks” decreased by 35 percent from 1999 to 2000 at tire Amarillo facility, 
compared to a goal of 15 percent. Extensive technical and quality assurance surveillance 
along with manufacturing product audits already have been coupled with fleet readiness 
drivers to improve the quality of delivered aircraft. A DCMA and Boeing quality 
assurance report reduced discrepancies from a high at Aircraft No. 18 of 1,882 
discrepancies to a low of 260 discrepancies with aircraft No. 29. 

Although most quality trends have been improving over the last two years, there have 
been some stubborn problems in the quality area. Three examples are listed: 
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) Click-studs (fasteners that are glued to the composite structure to secure various 
items on the airframe; e,g., acoustic blankets, wire bundles, brackets, etc. 

Observation: 

• Improper surface preparation for bonding ofclick-studs to composite 
aircraft structure results in failed mounting brackets for subcomponents. 

Corrective action: 

• Redesign to reduce the overall requirement for click- studs; 

• Implemented new tooling to maintain closer location tolerances for 
installing click-studs; and 

• New installation procedures and adhesives are being evaluated. 

) Non-standard manufacturing 

Observation: 

• Improper drilling and trimming of panels that prevent interchangeability 

Corrective action: 

• Tools verified to facility gage; 

• Inspection added immediately following trim; 

• Created 3-D models of the nacelle assembly, including all contours and 
edge of parts (periphery) (EOPs) identifying 20 to 30 mismatches; 

• Procured a laser radar system to verify tool EOPs to the nacelle models 
(delivery March 12, 2001); and 

• Trim tools are being redesigned to assure consistent trimming of the 
panels; also, additional locators are being added to the assembly fixtures to 
assure proper locations. 

I Wiring harness and hydraulic line routing anomalies (not in accordance with 
blueprints). 

Observation: 

• Special emphasis on nacelles; and 

• 24 liaison Engineering Trouble Action Requests (LETARS) generated on 
hydraulic and electrical installations. 

Corrective action: 

• Special inspections initiated; 

• Electrical and hydraulic training initiated; 

• Installation and Inspection Instruction developed; 

• Top-down engineering audit of nacelles iti progress; 
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• Nacelle audit identified design and manufacturing enhancements that are 
being addressed by Bell and NAVA1R; and 

• Expanded engineering audit in progress for the fuselage, wing, and 
empennage. 

These quality problems are part of the current listing of “Top Readiness Drivers” listed in 
Appendix F. 

Continuous jM£BGVEMEMLEmis 

Bell and Boeing have in place a system of continuous process improvements. Bell’s 
development of an Operations Improvement Strategy to focus the organization into 
Centers of Excellence has resulted in an improvement of core manufacturing 
competencies. The investment in high-tech equipment and personnel training programs 
has improved manufacturing quality, throughput, and schedule compliance to a level at 
which the companies are now industry leaders in composite materials construction. 
Boeing also showed the Panel several quality improvement changes that are in work on 
the plant floor or planned. 


Shortly after the North Carolina mishap, Bell Boeing established a “Nacelle Tiger 
Team” to reassess the reliability, maintainability, and quality problems associated with 
the nacelle, especially with respect to the hydraulics system. In April 2001, the Tiger 
Team role was expanded to examine the entire aircraft. The ongoing V-22 Tiger Team 
has given the program preliminary indications that production and manufacturing 
variances may still be a problem. Such variances in aircraft construction can seriously 
affect reliability and maintainability, as each aircraft would have unique configurations. 
Placement of nacelle panel drill holes, click studs (bonding and location), wire harness, 
and hydraulic routing anomalies have all been addressed. Apparently, standardization 
issues are being resolved. Results of the Tiger Team analysis will determine the actual 
status. 

Conclusion: Bell Boeing Managers, the V-22 Program Manager, DCMA representatives 
and the Services appear to be paying special attention to the top fleet degraders, and to 
other quality issues in production and final assembly; 

however. 

Conclusion: Preliminary' results of the Tiger Team, including quality and configuration 
variances in the nacelles, indicate a potential concern that needs to be addressed 
carefully. 


Recommendation: The contractors. Defense Contract Management Agency, and 
Services need to remain actively involved in quality assessments and improvements. 
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Recommendation: Take appropriate steps to resolve quality-related findings of the 
Tiger Team as soon as its results are available. 



2.1 0 O PERATIONAL T EST C REVV S ELECTION AND ASSIGNMENT 

During a segment covering the V-22 on “60 Minutes,” a close relative of a crewmember 
who died in the Mirana mishap commented that her Marine was not a test pilot and thus 
should not have been involved in the test flight. An OPEVAL pilot’s widow at one of the 
Panel’s open meetings made a similar comment. The Panel staff talked to the 
Commanding Officer of the Fleet Replacement Squadron and the Marine Corps’ 
rotorcraft operational test squadron, HMX-1 about this issue to determine whether the 
OPEVAL may have violated longstanding test crew assignment policies. 

The V-22 operational test and evaluation (OT&E) aircrew were all volunteers assigned to 
Marine Helicopter Test Squadron One (HMX- 1) in Quantico, Virginia. Pilots and crew 
chiefs from HMX-1 were assigned to the first three OT&E events (OT JIA, B, and C) 
from 1994 through 1997, where there was limited flight activity. Then, in anticipation of 
more flying. Headquarters Marine Corps held a V-22 OT&E pilot selection board in early 
1997 to bring in another six dedicated V-22 operational test pilots for the upcoming OT 
IID and E (OPEVAL) events scheduled for late 1998 and 1999, respectively. The 
following requirements were listed as selection criteria used by the board: 

• Captain or major with at least 6 years of commi ssioned service; 

• Qualified helicopter or C- 1 30 aircraft commander; 

• Active duty, completed first operational squadron tour; 

• Willing to commit to 4 years’ service following transition; and 

• Tacticalendorsement. 

Using these criteria, the V-22 OT&E Selection Board picked six pilots (out of 120 
volunteers) for assignment to HMX-1 and its MOTT in March 1997. They began their 
training later in the year under the supervision of the earlier chosen (nine) operational test 
pilots and the V-22 Development Test (DT) pilots (military and contractor) who had been 
flying the FSD and EMD programs at Philadelphia, Fort Worth, and Naval Air Warfare 
Center (NAWC) Patuxent River. To accrue their flying time, they were formally 
designated as “DT copilots” and were authorized to fly on low-risk DT flights. Enlisted 
flight crewmembers were also volunteers having been assigned to HMX-1 for duties 
involving operational flight test of CH-46, CH-53, and MV-22 aircraft. 

In accordance with longstanding HMX- 1 policy, the training syllabus for aircrew was 
typical of any transition training program in an operational squadron, with 98 simulator 
flights and 3 1 aircraft flights required to qualify as a Tiltrotor Aircraft Commander 
(TAC). The squadron also provided training for its aircrew involving standard test 
planning and report writing. By its nature, OT&E is flown by operational aircrew with 
fresh fleet experience within a NAVAIR developed and defined flight envelope. There is 
neither a need nor a desire for them to be trained engineering test pilots. Moreover, it 
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was not policy to fly MOTT crewmembers on developmental flights, even with 
experienced DT pilots. There was a single exception to this rule during DT, when one of 
the MOTT pilots flew as co-pilot on a combination training and data-gathering flight. 

This exception to policy was approved by both the MOTT and NAWC chains of 
command, based on the low risk involved with that particular flight. 

Operational test flying does not expand the flight envelope or develop or certify new 
procedures. That work is left to the DT flight crew and engineers working for NAVAIR. 
The purpose of OPEVAL is to evaluate the aircraft in as close to an operational 
environment as is feasible within the limits cleared by NAVAIR at that point. Obviously, 
any major safety related issues should have been raised in design, analysis, simulation, 
experimental flight test, and development flight test. Before OPEVAL, NAVAIR 
conducted an extensive Flight Readiness Review, the purpose of which was to decide if 
the envelope cleared to date was adequate to demonstrate operational requirements, and if 
the aircraft was safe to hand over to operational test crews. 

Part of this issue could be a perception by the public that the OPEVAL aircrews were 
being forced by the system to participate in developmental flight test inappropriately. In 
retrospect, the lessons learned from the Mirana mishap are the type of lessons that are 
more appropriately predicted and verified during engineering analysis, wind tunnel, flight 
simulation and developmental flight test. OPEVAL should not be discovering major 
safety issues, and so it is understandable why the public questions have been raised. 
However, at the time of crew assignment, it appears that the standards for crew selection, 
assignment and training were adhered to by HMX- 1 . The crewmembers were highly 
skilled, well trained volunteers. They are all aware that the reason the Service goes to all 
the trouble to pick experienced, highly qualified people for HMX-1 is that operational 
testing of a new aircraft carries with it higher risk (in the form of uncertainty) than exists 
in other well established aircraft. This same thinking must be included when it comes 
time to fly combat troops in the aircraft on demonstrations and operational tests, and the 
question should be asked, is it necessary to the test or mission to have real troops in the 
back? 

Conclusion: The process for crew selection, training, and assignment to V-22 OPEVAL 
test flights was consistent with longstanding policy. 


Recommendation: As the testing program proceeds, test managers (contractor, 
NAVAIR, and operational) should continue to ensure the appropriate experience and 
qualifications of all flight crewmembers. 


Conclusion: By its nature, early operational testing is characterized by a level of risk 
higher than that of fleet operations (thus the requirement for experienced aircrew) but less 
than that of the development test phase. 
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Recommendation: As V-22 development and testing continue, all responsible 
organizations should take all reasonable steps to ensure that operational test aircrews are 
not subjected to undue risk. Thoroughly assess all known and suspected high-risk flight 
regimes. 



Recommendation: Until the aircraft is ready for deployment, flying should be restricted 
to mission- essential personnel. Assess operational risk factors before authorizing 
increased risk flights (e.g. , assaults, night flying, weather flying, etc.). 


2.11 System Safety 
Organization and Process 

The Panel staff members were briefed on the system safety engineering discipline as 
practiced by the V-22 Program. The Navy System Safety Manager is located at the 
Naval Air Warfare Center (Aircraft Division), Naval Air Station Lakehurst, New Jerse)', 
along with all of the NAVAIR rotary- wing system safety engineers. This geographic 
setup is an obvious challenge that the System Safety Manager and the program staff 
acknowledge as unfortunate but workable. (Note: the fixed-wing system safety 
engineering staff is located at Patuxent River, very close to NAVAIR headquarters.) The 
System Safety Manager’s primary point of contact in the Program Office is the Assistant 
Program Manager (APM) for System Engineering (Class Desk), who serves as the 
chairman of the System Safety Working Group (SSWG). 

As is normally the case with new aircraft, the JORD has no specific overall safety 
requirement in terms of predicted mishap rates or probabilistic risk levels. Nor does the 
aircraft detailed specification specify an overall probabilistic risk prediction or goal. 
However, many of the JORD requirements have direct safety implications. For example, 
the flight control system design is required to show by analysis a catastrophic failure 
probability of one in 10 million flight hours. Other requirements for factors such as 
handling qualities, egress capability, flight control system redundancy, etc., are all part of 
the safety requirements. In addition, the V-22 detailed specification requires adherence 
to MIL STD 882B, the DoD system safety process bible. (Note: the current version is 
882D, a substantially less prescriptive standard than the B version used by the V-22 
Program. The system safety engineer’s job is to manage the program’s efforts in 
compliance with that standard.) 

According to the System Safety Manager, the program has complied with the MIL STD 
guidelines to perform preliminary hazard analysis, various types of final hazard analyses, 
and safety assessments as part of the NAVAIR system engineering program throughout 
the several phases of aircraft development, test, and operations. From these analyses, as 
well as other sources of Navy operational and safety reporting information (Hazardous 
Material Reports [HMRs], Engineering Investigations [Els], Quality Deficiency Reports 
[QDRs], and Hazard Reports [HAZREPs]), the system safety team identifies and 
analyzes safety risks. The team members categorize the risks using a standard NAVAIR 
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matrix (severity and predicted frequency of occurrence) and then report these risks to the 
program and track progress made in mitigation. They have what appears to be an active 
Govemment/contractor team consisting of the APM (System Engineering) and the 
System Safety Manager, plus three system safety engineers each from Bell and Boeing 
and one from Rolls Royce. 

The key element of the system safety reporting and tracking system is the Safety Action 
Record (SAR). The SAR is issue based. It describes in summary detail the safety threat 
or issue of interest, including history and origin (i.e., results of a design hazard analysis, 
results of an engineering investigation requested by an operational squadron, or a hazard 
resulting from a mishap). The SAR then describes the system safety assessment of risk 
both at the time it originally appeared in the SAR system and at the current time after 
most recent mitigation actions are complete. A SAR stays “open” as long as there are 
outstanding mitigation actions. Once the program has determined that no other actions 
are warranted, the SSWG formally closes the SAR. A recent summary of closed SARs 
by risk level is shown in Figure 1 . 
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| Source: Naval Air Systems Command Jan '01 Safety Action Records | 

Figure 1: V-22 System Safety Program: Closed Risk Status 

One of the Panel’s staff members recently completed a detailed assessment of the system 
safety program as practiced by another NAVAIR program, the AV-8B. By comparison, 
the V-22 system safety program appears to be better managed and more robustly 
supported than the AV-8B system safety program, although the latter has improved 
substantially since the assessment. Of long-term concern is the lack of travel funds for 
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operational personnel in the Marine Corps. Although squadron support of the SSWG is 
good now, history says that in time, it will find itself a mostly-NAVAIR-engineer 
activity, with little or no operational support. 

Conclusion: The V-22 System Safety Program appears to be appropriately staffed and 
engaged with other engineering activities. 

Conclusion: The number and type of risk issues being tracked by the program do not 
appear to be abnormal for an aircraft at this stage of development; 

however, 

Conclusion: The program uses an overly conservative standard to define the “remote” 
risk level for its various safety issues; tire result is that the risk- level categories by 
themselves are of limited use to the decision maker in risk mitigation trades. 


Recommendation: Develop a consistent approach to measuring overall risk level in 
development and operational programs to aid decision makers in risk trades. Consider 
use of probabilistic risk assessment techniques to comply with the most recent risk 
category definitions published by the Naval Air Systems Command. 



DOT&E S AFFTY IRSIIFS AND “IMPI IGATIONfi” VS NAN/AIR SAFFTY RISK PrtSTI jg£ 

During his January 12 briefing to the Panel, the DOT&E Director showed a series of 
charts that listed 724 subsystem or component failures that occurred during the 9- month, 
522-sortie OPEVAL. The charts highlighted a substantial number of these failures (177) 
as having “safety implications.” In preparation for the staff visit, the Panel asked the 
NAVAIR System Safety Manager to review the DOT&E conclusions with the intent of 
describing the safety implications. 

The NAVAIR assessment pointed out that the DOT&E analysts had used Maintenance 
Action Forms (MAFs) to list the failures. These forms are the documents used by the 
operational maintenance technicians to record the failure and its circumstances, usually 
immediately after the flight is completed. Some of the MAFs result from pilot 
discrepancies and others from post- flight inspection by the maintenance team. MAFs by 
themselves are not reported to NAVAIR and are not usually a data source for the system 
safety engineer unless they are included as backup information in an Engineering 
Investigation (El) or Hazard Report (HAZREP) or other safety related report to 
NAVAIR. 

In his review of the MAFs, the System Safety Manager determined that approximately 15 
of the failures related to SARs, all of which are categorized as medium risk. He saw 
nothing new in the data, which correlated to the relatively low incidence of safety-related 
reporting during OPEVAL. In other words, the failures addressed by the OPEVAL 
maintenance team were not the kind that would lead to hazard reports to NAVAIR and 
the Naval Safety Center. An example was the hydraulic system, in which hydraulic leaks 
(relatively common in the V-22) were listed as potential fire hazards. This issue has a 
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long system safety history in the program, including substantial redesign after the loss of 
a Full Scale Development aircraft in 1992 due to what was most likely a nacelle 
hydraulic leak fire. Since that time, the SAR that covers “fire due to hydraulic leaks” has 
been downgraded to a Category ID risk in the NAVAIR system, which acknowledges 
that although hydraulic leak fire is in fact a risk, it is not a high risk, as currently 
miderstood, controlled, and accepted by the program. In addition, apparently nothing 
happened in OPEVAL in the way of new failure modes, sites, or characteristics to change 
that status. 

Conclusion: Although at least one new safety issue (VRS) came out of the Operational 
Test and Evaluation of the V-22, there were neither new safety issues nor changes in 
V-22 hazard risk-level assignments because of the Director, Operational Test and 
Evaluation analysis of the tests. 


Recommendation: To aid decision makers, the Director, Operational Test and 
Evaluation organization and Navy Operational Test and Evaluation Force should consider 
the use of standard risk indices (i.e.. Risk Assessment Codes) when reporting safety 


3 Operational Effectiveness and Suitability 


3.1 Overview 

The recent OPEVAL gave the V-22 a mixed grade with respect to its capability to 
perform its mission. The aircraft did well in the performance-related demonstrations, 
including cruise speed, range, self-deployment, shipboard compatibility, and internal and 
external payload capability. The aircraft met or exceeded all Key Performance 
Parameters, along with 90 percent of the threshold requirements of the Joint Operational 
Requirements Document, against which it w as evaluated during flight test. A listing of 
results is included as Appendix G. The most important shortcomings were in the 
reliability, availability, and maintainability areas. The Director, Operational Test and 
Evaluation (DOT&E) analysis of the V-22 test results concluded that the aircraft is 
“operationally effective, but not operationally suitable.” 

The following are the major questions to be answered in this area: 

• Does the V-22 provide the performance capability needed for the 
missions? 

• Is the V-22 maintainable by operational units? 

• Is the maintenance training adequate? 

• Are the reliability and availability adequate? 

The Panel reviewed the results of the OPEVAL and Government and contractor 
developmental tests and conferred with V-22 Program officials, contractor engineers, and 
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production personnel. The Panel also examined production and operational flight 
hardware, flew several engineering and training simulators, reviewed maintenance 
publications and reporting and training systems, and held discussions with military 
maintainers and crew chiefs to understand the nature of the aircraft and its support 
systems and its deficiencies. 

3.2 Reliability and Availability 

The DOT&E report cited substantive reliability deficiencies as part of the reason for its 
conclusion that “operational testing has failed to confirm the operational suitability of the 
MV-22.” The three primary measures of system reliability were Mean Flight Hours 
Between Abort (MFHBA), Mission Reliability (MR), and Mean Flight Hours Between 
Failure (MFHBF). MFHBA is measured as the number of flight hours divided by the 
number of mission aborts. MR is the ratio of missions completed without an abort to 
total missions flown. MFHBF was calculated by dividing the total flight hours by the 
total number of failures (all failures, major and minor). (Note: the DOT&E report used 
the term Mean Time Between Failure [MTBF] throughout, even though only aptual flight 
time was measured). 

Because of several potentially non- representative production- related difficulties 
encountered by the test team in the early months of the OPEVAL (October 1999 through 
February 22, 2000), the DOT&E report lists these measurements before and after that 
date. Although the better numbers occurred in the second period, the report still found 
concent with the demonstrated MFHBF. Table 4 shows the results of the OPEVAL for 
the three requirements. 



iV'IC Requirement 


Entire 

QPEV'j 


MFHBA 

17.0 hours 


1 3.9 hours 

1 8.0 hours 

MR 

85% 


81% 

85% 


MFHBF 

1 .4 hours 

2.0 hours 

0.6 hour 

0.7 hour 


Table 4: Reliability Results: MV-22 OPEVAL 


For reference, CH-46, CH-53D, and HH-60H are currently showing 0.89, 0.82, and 1.32 
MFHBF, respectively. 

Of the nearly 1,200 non-production failures that occurred during the 804.5 hours of 
testing, more than a third were with flight control (including hydraulics) and drive and 
proprotor systems. Table 5 shows the number of failures for each of the top 10 
contributors by subsystem. 
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Affected Subsystem 

Number of 
Failures 

Primary Contributor z „ - jjj| 

Hydraulic Power System 

170 

Fluid level imbalances 

Drive System 

SO 

Gearbox temperature exceedances 

Proprotor System 

76 

Sheared pins, cracked panels, fairing damage 

Flight Controls 

69 

Swashplate actuator hydraulic leaks 

Flight Control Computers 

69 

Multifunction displays 

FueLSystem 

61 

Leaks 

Wiring 

53 

Harnesses and brackets 

Landing Gear 

52 

Tire wear - 

Nacelle Assembly 

48 MB 

Mini Mark fasteners 

Electrical Power 

47 IIII! 

Batteries 


Table 5: OPEVAL Subsystem Failures 

In his discussion of this topic with the Panel, the Program Manager pointed to two 
reasons for the substantial underachievement in MFHBF: 1) a very late 30 percent 
increase in the JORD requirement for MFHBF (1999), well after the design for the Low 
Rate Initial Production (LRIP) aircraft used in OPEVAL was complete; and, 2) poorer 
than expected performance by the hardwar e in the nacelle due to the severe vibration (and 
acoustic) environment faced by the 5000-psi hydraulics system. The 30 percent increase 
in JORD requirement happened because of a plan by OPTEVFOR to measure failure 
rates against flight hours rather than operating hours, as originally planned. The Program 
Office and Services did not change the threshold number to account for the measurement 
difference. Estimates are that approximately 30 percent of all operational time is on the 
ground (maintenance and pre- and post- flight operations). 

The fixes for OPEVAL reliability problems are in various stages of design, test, and 
installation. Appendix F shows a prioritized list of“top fleet readiness drivers,” 
including background, issues, and actions as of February 28, 2001. 
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The program has plans addressing all of the major reliability challenges, and a schedule 
showing the system meets the 1.4- hour threshold in 2003. Figure 2 shows the timeline 
and several of the important reliability initiatives in work to allow the aircraft to meet the 
MFHBF threshold. 



Figure 2: MV-22 Reliability Improvement Plan 


The plan results in a 218 percent improvement in MFHBF performance. Of note is that 
the planned reliability upgrades only improve MFHBA from 18 to 23 hours, or 128 
percent. This difference suggests that some amount of time and effort will be spent on 
reliability improvements that are not necessarily important to mission accomplishment. 


Conclusion: The operational availability of the V-22, as demonstrated in the Operational 
Evaluation, is inadequate. However, not all measures used by the test team are equally 
important (i.e., mean time between failure vs. mean time between abort). 


Recommendation: Reassess and revalidate the current set of V-22 reliability and 
availability requirements to assure appropriate expenditure of resources on engineering 
changes. 
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3.3 Maintainability 

The V-22 fell short of its maintainability requirements during OPEVAL with 18.6 
maintenance manhours per flight hour MMH/FH compared to a threshold of 1 1 hours or 
less. For reference, the CH-46 fleet average is 15.8 hours. One of the biggest 
contributors to this number was the time spent on hydraulics system discrepancies, and 
nacelle related problems. 

During its visit to the Fleet Replacement Squadron at New River, the Panel heard from 
die maintainers that one of their biggest challenges is conducting work within the nacelle. 
They said that several factors made maintenance and inspection of the nacelles very 
difficult: tight quarters; poor inspection access; inadequate access panel fasteners; and 
interference between hydraulic lines and other potentially abrasive structures, lines, and 
wire bundles. 

Among other things, the nacelle houses the engine, accessories, engine-driven gearbox, 
and rotor drive system. It also includes hydraulic flexible and rigid hydraulic lines 
carrying 5,000-pounds per square inch (psi) fluid, as well as proprotor flight control 
system actuators and critical mechanical components. One of the reasons for the 
relatively high 5,000-psi operating pressure is to allow for smaller actuators that help 
minimize nacelle size (and drag). Mechanics with maintenance experience on other 
rotorcraft told the Panel members that the V-22 nacelle is the tightest engine/rotor system 
working space they had experienced. 

The normal maintenance access panels give the maintainer only a limited view or access 
to the nacelle components. To gain access to some of the important parts of the nacelle, 
they must unfasten a multitude of “Mini- Mark” Government Furnished Equipment (GFE) 
structural panel fasteners. These fasteners have a very poor record on the V-22. During 
OPEVAL, for example, they were one of the most common failures. Moreover, when a 
mini- mark fastener breaks, pieces of it often fall into the nacelle area, creating the 
potential for foreign-object damage. To completely open all access panels on a single 
nacelle takes in excess of 1 1 man hours, not counting fastener failure/replacement time. 
The Mini- Mark fasteners are required for structural load panels, but apparently, not all of 
the panels carry loads. This raises the question, “Why not redesign the non- structural 
loaded panels for quicker, more reliable fasteners for maintainer- friendly access to the 
nacelle?” 

Other factors that add to the maintenance challenge with the nacelle are lack of consistent 
configuration from one airframe to the next, the high failure rate of the click studs 
(covered in reliability section of this report), poor maintenance publications, and the 
normal operational issues that apply to all types of aircraft (poor lighting, weather 
conditions, oil, dust, etc.). 

NAVAIR and Bell Boeing engineers and technicians attached to the Osprey Support 
Center provide the squadron personnel special support in New River. In addition, the 
NAVAIR initiated Tiger Team is examining all aspects of the nacelle, including those 
affecting maintainability. 


Conclusion: The tight fit of critical hardware, lack of adequate quick access, and poor 
reliability of access panel fasteners combine to make the nacelle a significant 
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maintainability challenge. The effect, at best, is high maintenance man hours and, at 
worst, missed critical failure precursors. 


Recommendation: Modify the nacelle to improve the spacing/protection of critical 
components, maintenance working space, access, and the overall maintainability of this 
critical aircraft area. The redesign activity for this modification should include at least 
tine following: 

a. More quick-access panels 

b. High-reliability alternatives to the Mini-Mark fastener 

c. User-friendly inspection access for critical parts and other exceptions to the 
flight control system redundancy design requirement 

d. Shortening of the hydraulic lines between switching valves and swashplate 
actuators (if feasible) 

I ■BMM—BBM— 



3.4 Interactive Electronic technical Manual (IETM) 

During the Panel’s visit to VMMT-204 they were briefed on and given a demonstration 
of the IETM, which has taken the place of paper maintenance publications within the 
squadron’s maintenance department. The Panel was struck by the poor demonstrated 
performance and capability of this system and requested and received additional briefings 
from Bell Boeing and the Program Office. The questions that need to be answered are: 
“Can the V-22 IETM be fixed? Is it worth fixing? Are there alternatives to IETM tint are 
worth pursuing?” 

IETM has been designed to be an interactive database that will contain all of the 
maintenance publications and the configuration data for every aircraft in a squadron. 
When folly developed, it will integrate multiple information sources into a single system, 
thus providing a wealth of information to the maintained Its electronic interfaces will 
reduce manual data entry. It has the potential to be integrated with The Naval Aviation 
Logistics Command Management Information System (NALCOMIS) and with The 
Aircraft Maintenance Event Ground Station (AMEGS). Updated IETM “drops” will be 
done electronically every 45 days, ensuring that the squadron has the latest changes to its 
technical manuals. It will provide the squadron with the capability to rapidly and easily 
deploy detachments, minimizing pack-up requirements. It will assist maintenance 
training by providing graphics and text on a portable electronic display device (PEDD) 
that is easily transportable. 

The problem is that IETM as currently fielded does not meet the requirements of the 
Marines in the maintenance department of VMMT-204. The issues with IETM observed 
by the Panel are tile same issues identified in both the COMOPTEVFOR OPEVAL 
Report and the DOT&E Beyond LRIP Report: IETM does not provide adequate content, 
accuracy, organization, and clarity to fully support maintenance activities. 

Additionally, although the process to update and correct deficiencies with IETM is in place, it 
responds too slowly to adequately support the fleet. For example, since February 2000, 
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VMMT-204 has submitted 447 Technical Publication Deficiency Reports (TPDRs), of which 
164 remain open. The turnaround time for TPDRs ranges from 2 to 3 months. 

The Joint Integrated Maintenance Information System (JIMIS) developed by Grammar 
Melbourne Systems to support the J-STARS Program was chosen in 1993 for authoring 
and presentation of IETM software for the V-22 Program. The JIMIS software was 
provided to the V-22 Program for IETM as Government Furnished Equipment (GFE). 
Boeing Helicopter is the lead integrator for IETM. Significant deficiencies addressed 
during OPEVAL and witnessed by the Panel included the following: 

Incomplete data 

• No Integrated Parts Breakdown; 

• No mirror image graphics for multiple systems; and 

• No schematics for fuel, hydraulics, or electrical systems. 

Inaccurate maintenance procedures 

• Numerous tasks are documented under the wrong; 
system/subsystem listing; 

• Erroneous torque values; and 

• Inconsistent part number references. 

Poor organization of data and procedures, and lack of clarity 

• Non-user-friendly navigation system and 

• Differences in Bell and Boeing references (schematics). 

Poor integration of logistics support 

• V-22 is the only aircraft using the Universal Numbering System 
(UNS); and 

• No technical or support manuals are available for UNS. 

As stated in the OPEVAL report, “Maintenance of the MV-22 was hampered by the 
immaturity and lack of clarity of the IETM. Without accurate IETM, maintainers spent 
many hours troubleshooting fixes to problems that should have been readily identified. 
Utilizing IETM also proved to be a cumbersome process due to the poor organization of 
the manuals. When coupled with the inaccuracies of the IETM, an exorbitant number of 
man hours were expended trying to determine correct maintenance procedures.” IETM 
hardware and supporting software is immature and developmental in nature; significant 
development and testing needs to be accomplished before it is ready for fleet 
introduction. Further, maintenance personnel within VMMT-204 estimate that, on 
average, 15 percent of maintenance time is lost due to IETM deficiencies. Some of the 
more complicated tasks can involve substantially more IETM-unique lost time than that. 

Conclusion: As currently fielded, IETM fails to meet the needs of organizational 
maintenance. 

Conclusion: Significant development and testing is required for IETM as designed prior 
to operational deployment. 
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Recommendation: Assess the options for V-22 technical publications (electronic and 
paper). 

and if an electronic publication approach is the best alternative, and the training 
squadron continues to be the best place to develop it. 


Recommendation: Provide adequate developmental support to the training squadron for 
the selected system. 


Importantly, as the contractor validated 100 percent of the maintenance procedures prior 
to OPEVAL, only 1 5 percent was actually accomplished on the aircraft, and the 
remainder was validated through tabletop review or simulation. While this may be the 
standard practice for validation, it apparently missed important flaws in the data. 

Conclusion: Based on the poor performance of the IETM thus far,-technical publication 
validation was inadequate. Additionally, NAVAIR and the Program Office have not yet 
verified the same technical publication procedures in the IETM. This process needs to be 
accomplished as soon as possible. 


Recommendation: Properly validate and verify the technical publications as soon as 
possible. 

The poor integration of logistics support within IETM is another area of concern to the 
Panel. The V-22 is the only naval aircraft that utilizes the Universal Numbering System 
(UNS). UNS is a numbering system for referencing technical data, aircraft systems, and 
related aircraft equipment. The IETM, using UNS logic, was designed to provide a 
functional numbering system consistent across all data; provide audit trail methodology 
in developing quick, easy, and accurate fault detection/isolation; and pursue Joint Service 
Operational Requirements. The Navy canceled UNS conversion in 1 996; however, the 
V-22 Program Office determined that it would be financially infeasible to go back and 
reestablish the Logistics Support Analysis (LSA), Logistics Support Analysis Record 
(LSAR), and other infrastructure to support a return to the standard Work Unit Code 
(WUC) used by all other naval aircraft. The V-22 Program is using the UNS structure as 
its work unit code equivalent. The structure forms the basis of the Logistics Control 
Number (LCN). The LCN ties the UNS information to the LSAR, which is used for 
provisioning, publications, maintenance plans, task analysis, and analysis of data failure. 
This numbering structure has been rolled directly into IETM and is used to help navigate 
within IETM. Unfortunately, because UNS is task based and was constructed to support 
troubleshooting, individual parts are split into functional UNS buckets. What this means, 
according to a V-22 IETM Limitations Document published by Naval Aviation Depot 
Cherry Point on 13 March 2001, is that “essentially, there is no good way to search for 
parts data in the IETM.” 
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Currently, neither a fleet UNS manual nor a V-22 UNS users’ guide exists. Both of these 
documents are in development, with no estimate of a completion date available. VMMT- 
204 maintainers are working with AIR 3.0 and SPAWAR personnel to overcome 
reporting problems associated with UNS. 


Conclusion: Use of UNS rather than WUC will create long-term difficulties for the 
V-22 Program. The maintenance and upgrades of a logistics system that is unique within 
naval aviation has limited potential to succeed and will prove very costly. Additionally, 
when deployed, the V-22 logistics system will be incompatible with the logistics system 
of other aircraft in a composite squadron. 


Recommendation: Transition as soon as possib le from the Universal Numbering 
System to the standard Work Unit Code logistics system. 


During the Panel’s review of the IETM, both Bell and Boeing provided briefings on other 
IETM systems undergoing development. The Boeing effort for F- 18 has been successful, 
although it apparently had its own startup problems. Bell is beginning an effort to bring 
electronic technical manuals to the AH- 1 Program using a standard work unit code logistics 
base and a different set of application software than either the F-l 8 or the V-22. 

Conclusion: There appears to be no standardization or specified requirements within 
DoD for Integrated Electronic Technical Manuals, and each program office is on its own 
to determine the solution that works for them and what they can afford. This can impact 
deployed units that share the same organizational and intennediate level maintenance 
facilities (e.g. amphibious ship with composite squadron). 



I Recommendation: Standardize performance, support, testing, and funding requirements 
for Electronic Technical Manuals across all platforms and services. 


3.5 Maintenance and Availability Reporting NALCOMIS 
(Optimized) 

On February 26, 2001, the Panel members received a briefing on the Naval Aviation 
Logistics Command Information System (NALCOMIS (Optimized)), the Navy’s new 
automated maintenance management system, by the Assistant Commander for Logistics 
for NAVAIR. VMMT-204 was the first USMC squadron to utilize NALCOMIS 
(Optimized), and there had been a significant reduction in reported aircraft readiness by 
Navy squadrons that had transitioned to the new system of maintenance data 
management. 

NALCOMIS (Optimized) is part of the Navy’s initiative to fully automate its aviation 
maintenance environment. As planned, the system will provide Navy planners with total 
asset visibility, to include total numbers of aircraft, location, and material condition. It 
will track utilization so that it can quantify requirements and trend reliability to determine 
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readiness and refine budget requirements. More specifically, NALCOMIS (Optimized): 
reports maintenance transactions in near real-time, tracks actual equipment configuration 
data, locates parts and material through connectivity with supply departments, allows 
instant access to readiness data by authorized users on the network, maintains electronic 
log books, and includes standard interfaces for aircraft- specific diagnostic programs 
(F/A-18E/F, V-22, JSF). 

NALCOMIS (Optimized) began Developmental Test in April 2000, at the same time it 
was introduced at VMMT-204. Operational Test of the system was scheduled to begin in 
March 2001 . Briefers told the Panel that due to the accuracy and reporting discipline 
inherent in NALCOMIS (Optimized), squadrons utilizing the new system could expect to 
see reductions in both Mission Capable (MC) and Full Mission Capable (FMC) rates. 
HSU40, the first unit to adopt NALCOMIS (Optimized), reported in November 1999 
MC and FMC rates of 64.4 and 63.3, respectively, under legacy NALCOMIS. Then, one 
year later, under NALCOMIS (Optimized), it reported MC and FMC rates of 26.6 and 
16.7. Under the new system. Direct Maintenance Man Hours (DMMH) also could be 
expected to drop significantly. In fact, HSU40’s data indicates that these rates were 
effectively cut in half. Other documented effects include a rise in both Not Mission 
Capable Maintenance (NMCM) and Not Mission Capable Supply (NMCS) rates. While 
the drop in reported readiness rates was expected with the move to a more rigorous 
system of analysis, the problem the Navy is working with is how to quantify the new 
readiness numbers relative to the Chief of Naval Operations’ established MC and FMC 
readiness goals, which were based on legacy NALCOMIS. What does an MC rate of 
26.6 percent, measured in NALCOMIS (Optimized), mean in terms of the ability of a 
squadron to accomplish its mission? 

The Panel’s visit to VMMT-204 included a briefing on NALCOMIS (Optimized), during 
which numerous issues and concerns were identified. These included the following: 

i) The system complies with the 4790.2H Naval Aviation Maintenance Publication 
(NAMP), which has not yet been published. The fleet is working from the 
4790.G. No information or waivers were provided to the Marine Aircraft Wing 
or the squadron granting pennission to deviate; 

2 i There is currently no way to correct invalid data. The system is allowing errant 
work orders to be transmitted; 

3 ! Lack of system reliability requires the Maintenance Administration Work Center 
to back up all documentation manually, 

4 ) Reports generation is not user- friendly, 

5 ) Responsiveness to identified system Trouble Reports is time- consuming because 
of the requirements to approve, design, and implement the fix; 

6 ) No contingency exists to fix or fly aircraft if the new system fails. No paper 
copies of records exist; and 

7) The system does not currently interface with either V-22 aircraft diagnostic 
systems or the V-22 IETM. 


53 



79 


Section 2: Specific Findings 


Conclusion: NALCOMIS (Optimized) is experiencing a high number of deficiencies in 
the squadron environment. 


Recommendation: NAVAIR should correct the deficiencies and incompatibilities that 
are resident in the NALCOMIS (Optimized) system as soon as possible. 


On April 10, 2001, the Navy’s Commander of Operational Test and Evaluation stated 
that, “based on operational testing and identified deficiencies of NALCOMIS 
(Optimized) from March 13, to date, an unsatisfactory outcome is likely for this FOT and 
E (follow-on- test and evaluation).” He recommended that the system be decertified and 
that all fielding stop. Observations of NALCOMIS (Optimized) performance identified 
problems associated with mission failures, training inadequacies, and data transfer 
integrity. Additionally, the lack of understanding of the significance of MC and FMC 
rates under NALCOMIS (Optimized) and the inability to effectively compare those rates 
to CNO readiness goals has resulted in the squadron having to report its readiness rates 
using both Legacy NALCOMIS and NALCOMIS (Optimized). 

Conclusion: Inclusion of NALCOMIS (Optimized) with draft documentation in 
VMMT-204, as it faced the requirement to field a new aircraft without verified 
maintenance publications, coupled with an immature IETM, clearly complicated the 
challenge. 

Conclusion: Baseline data for NALCOMIS (Optimized) has not yet been developed to 
properly evaluate performance of reporting units. 


Recommendation: NAVAIR should provide a set of guidelines and metric algorithms to 
all organizations that use NALCOMIS readiness data for planning, budgeting and other 
resource decision-making. 


3.6 Diagnostic Capability 

The object of the diagnostics test conducted on the V-22 during OPEVAL was to 
determine whether the V-22 diagnostic capability would be adequate, reliable, and 
accurate. The DOT&E evaluation stated that “since the vast majority of fault detections 
were invalid (i.e., false alarms) the diagnostic system overall was of little, if any, 
assistance to the operation or maintenance of the aircraft.” The Panelreceived a 
demonstration of the diagnostic capability of the aircraft while visiting VMMT-204. 
Based on this demonstration, the Panel requested and received additional briefings on the 
V-22 diagnostic capability from both Bell Boeing and the Program Office to determine 
the adequacy of the V-22 diagnostic system. 
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The V-22 Operational Requirements Document requires that the aircraft have a Data 
Storage System (DSS) able to accommodate the downloading of maintenance data in 15 
minutes or less to support maintenance debriefings, allow the rapid sorting and 
correlation of data points, and provide effective guidance for maintenance personnel. 

The V-22 accomplishes this task with its mission data loader (MDL), which, at periodic 
intervals during flight, automatically records built- in- lest (BIT) data results, engine 
performance parameters, and other data. Upon landing, aircrew and maintenance 
personnel download these flight data to the Data Transfer Module DTM. The DTM 
cartridge is then removed from tbs aircraft and is used to download infonnation to an 
Aircraft Maintenance Event Ground Station (AMEGS). AMEGS reads both Vibration 
and Structural Life Engine Diagnostics (VSLED) and Full- Authority Digital Engine 
Control (FADEC) data. 

Maintainers at VMMT-204 spoke very highly of the diagnostic capabilities of this 
system. They recounted one instance in whichAMEGS-displayed VSLED data indicated 
higher than normal vibrations emanating from an engine drive shaft. The resulting 
inspection revealed an improper washer stack-up. OPEVAL results stated that the V-22 
diagnostic system demonstrated the capability to be adequate, reliable, and accurate. 

Both fault detection (FD) and fault isolation (FI) exceeded their threshold and objective 
values, but the false alarm (FA) rate failed by a large margin, as indicated in Table 6. 


IQ 1 



Fault Detection 

.70 ,S5 

.92 

j Fault Isolation 

>.70/. 85 

.87 

False Alarm Rate 

< .25 / .15 ; : 

.92 


Table 6: Results of OPEVAL Diagnostics 


The FA rate is the probability that a diagnostic Built- in- T est (BIT) will indicate a failure 
when none has occurred. FA rate is calculated as the number of incorrect diagnostic 
failure indications divided by the total number of diagnostic failure indications. The FA 
rate continues to plague maintenance troubleshooting as well as flight operations. While 
the warnings and cautions displayed to the aircrew are considered accurate, the excessive 
amount of advisories has created excessive aircrew workload and inaccurate readiness 
indications. To help reduce the maintenance workload while FA improvements are being 
developed, a “ghost list” was created to identify specific conditions under which an 
identified fault did not indicate a system problem. The “ghost list” is displayed on the 
AMEGS for easy reference. 

A deficiency of the AMEG system identified by both tire MOTT and VMMT-204 maintainers 
is that the system displays only six- figure Hex fault isolation codes. Two associated problems 
with this system are: 1) only the contractor can decode these codes; and 2) the maintenance 
publications contained in the IETM used by troubleshooters uses UNS codes that are logistics 
based. The lack of integration among AMEGS, IETMS, and NALCOMIS (Optimized), is 
identified in the DOT&E report as follows: 
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AMEGS, VSLED, and IETMS were not integrated with each other or with 
the Naval Aviation Lo gistics Command Management Information System 
(NALCOMIS). Each stand-alone system required manual transfer of 
common data elements from one system to another. Manual processes 
introduced additional errors, added maintenance delay time, and reduced 
the utility of BIT systems. 

Integration of these disparate systems will take some time to accomplish. In the interim, 
the Program Office has developed a ground-based fix for the AMEGS hex code problem 
that will be incorporated on the aircraft. AMEGS version 2.2.1 will be released in May 
and will provide a cross-reference table automatically tying the IETM logistics UNS 
codes to the hex codes currently displayed by the AMEGS. This integrated system will 
provide maintainers with a greater degree of troubleshooting capability. In the long term, 
UNS codes are being considered for addition into the aircraft’s Mission Computer 
AMEGS database, allowing codes to be displayed on the maintainer flight summary in 
the cockpit. This system will also significantly enhance the ability of the aircrew to 
identify potential maintenance problems in flight. 

Conclusion: The AMEGS has the potential to be a powerful diagnostic tool for the 
maintainer, but the marginally integrated AMEGS, IETM, and NALCOMIS systems, all . 
of which suffer from their own development problems, create undue workload for the 
maintainer in identifying and understanding system performance and maintenance issues. 


mmammmmmmmmmmmmmmm msmm mmmmmstmmmmmsmmmmemmmmmmimmBammm 
I Recommendation: Fix the individual deficiencies associated with AMEGS, IETM, and 
I NALCOMIS (Optimized). After each system demonstrates adequate reliability, integrate 
I these three systems as soon as possible. 

and, 

I Recommendation: In the short term, expedite software cross references for AMEGS 
and IETMs. 

and, 

( Recommendation: Provide appropriate training on AMEGS for the VMMT-204 
maintainers. 


There is a strong synergistic relationship between detecting and isolating a fault and a 
false alarm. Therefore, the Program Office is not willing to arbitrarily reduce the 
detection and isolation capability of the diagnostic system in an effort to reduce the false- 
alarm rate. The Program Office does have a plan in place to reduce the number of false 
alarms. JVX Application System Software (JASS) Release 2.6 will fix 28 false-alarm 
indications. The software is scheduled for release for flight test in August 2001 and to 
the fleet in November 2001. Additionally, AMEGS Version 2.2, which was completed in 
February of this year, has the capability, when selected, to remove from the display those 
items on the “ghost list,” making it easier to see the remaining indications. Training is 
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ongoing at MCAS New River on the new version of AMEGS. Other initiatives that the 
Program Office is taking include an analysis of additional software such as diagnostic file 
filters, hardware changes, and the incorporation of subsystem software updates that have 
less propensity to trigger false alarms and remove the need for reference to the “ghost 
list” 

Conclusion: The timing of improvements in the current plan to reduce the false-alarm 
rate is inadequate to meet program needs. 


Recommendation: Expedite the plan to reduce the V-22 false-alarm rate in both the 
aircraft and ground systems, with priority on aircraft software. 


3.7 M A1NTENANCE TRAINING 

Consistent with its charter to review the adequacy of V-22 training, the Panel received 
briefings from the Program Office on the V-22 maintenance training system 
Additionally, both Bell and Boeing and personnel from VMMT-204 and the Fleet 
Replacement Enlisted Skills Training (FREST) unit located at MCAS New River in 
Jacksonville, North Carolina, briefed Panel members. 

In 1996, the Department of the Navy invested $41million with Bell Boeing for the 
development and procurement of the Naval Aviation Maintenance Trainer Suite 
(NAMTS) for the V-22. NAMTS was to be located at the FREST schoolhouse. The 
mission of the V-22 FREST is to “provide consolidated/co- located tiltrotor maintenance 
training, in partnership with the Air Force, utilizing state-of-the-art training systems and 
strategies.” NAMTS was to consist of four composite maintenance trainers (CMTs) and 
four composite maintenance procedures trainers (CMPTs) that were designed to replicate 
more than 1,335 maintenance tasks. Reflectone was chosen as the contractor for 
NAMTS through full and open competition in 1997. Reflectone subsequently stopped 
work on the project in December 1999 and was officially released from the contract 
through a no- fault mutual rescission signed in May 2000. With $14 million remaining 
from the original investment of $41million, Bell Boeing and PMA-205 (the Program 
Manager responsible for V-22 maintenance training systems) agreed that low-fidelity 
Parts Task Trainers would be built and that separate contracts would be let for an 
Integrated Multimedia Instruction (IMI) suite and high-fidelity CMTs. These three 
separate systems were to be integrated into a maintenance training system to replace the 
cancelled NAMTS. Until the CMTs were received, VMMT-204 would provide two to 
three aircraft to the FREST to allow maintenance students to complete their hands-on 
training. Boeing’s initial bid for the CMTs was $130 million, which was determined to 
be unaffordable by the Program Office, and the development of CMTs was cancelled. 
Bell Boeing was awarded a $20 million contract to develop an IMI capability for the 
V-22. IMI consists of three subsystems: an instructor-led classroom Computer-Aided 
Instruction (CAI) curriculum, Interactive Course Ware (ICW) that is self-paced and 
instructor supervised, and a computer management system to oversee the process of IMI 
and to handle such responsibilities as student enrollment, data collection and reporting, 
and testing. 
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The current maintenance- training system calls for the use of actual aircraft in the place of 
CMTs. PMA-205 will be responsible for converting three aircraft to trainers with fault 
insertion capability. Each conversion is expected to take 6 weeks. The first aircraft 
conversion is scheduled to begin in October 2001. In the interim, VMMT-204 will 
supply additional LRIP aircraft to meet the FRESTs training requirements. The second 
part of the maintenance training system, the Part Task Trainers (being built by both Bell 
and Boeing), is in the process of being developed and fielded. The FREST currently has 
a Powerplant Part Task Trainer in place, and Boeing is working on the fielding of Part 
Task Trainers for Sponsons, Landing Gear, and the Airframe. Delivery of these systems 
is expected to take place over the next 18 months. The final part of the maintenance 
training system, IMI, is currently being delivered to the FREST. Bell is expected to 
complete delivery of its portion of the software by June 01 and Boeing by September 01 . 
The Panel members were shown the capabilities of IMI during a briefing at MCAS New 
River on 5 March 2001. IMI is a state-ofithe-art system that is a quantum leap over 
current maintenance training systems. 

Conclusion: Until adequate maintenance training systems are in place, the loss of 
NAMTS will have an impact on the capability of both VMMT-204-and the FREST to 
accomplish their missions of training pilots and maintainers. The three systems procured' 
should address this deficiency adequately if they are properly funded and supported. 


j|jReco mmeiHlatioiu ^RjIlyfuncUin(^^ 


Regarding the use of actual aircraft as maintenance trainers, the Panel members recognize that 
there are both advantages and disadvantages. Among the advantages are: 

i ) Actual aircraft have a higher physical and functional fidelity, 

2 ) The maintenance of the trainers will mirror that of operational aircraft; 

3 ) Ground support equipment will not have to be modified; 

4 ) Spares will be available through the supply system; and 

5 ) Hardware and software configuration can be simplified through the utilization of 
the ECP process. 

The disadvantages of utilizing actual aircraft as maintenance trainers are as follows : 

1 ) Early production aircraft generally require numerous modifications before 
configuration stabilizes. The training aircraft supplied to the FREST will require 
these modifications, which will take them out of service for a certain length of 
time, thus necessitating augmentation by aircraft from VMMT-204 and the 
resultant downturn on operational readiness; 

2 ) The Panel is concerned whether the actual aircraft being used for maintenance 
trainers are properly spared; 
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3 ) Additional ground support equipment will be required to be purchased, 
maintained, and supported by the FREST; and 

4 ) Aircraft components are not designed to withstand the multiple remove and 
replace cycles required for training, and the associated cost and quantity of spares 
may be excessive and must be planned and budgeted for. 

Conclusion: There are advantages and disadvantages to using actual aircraft as 
maintenance trainers, 

however, 

Conclusion: Under the best circumstances, a real aircraft cannot replace a properly 
engineered maintenance trainer. The disadvantages outweigh the advantages and 
complicate the maintenance training for the other services, 

and. 

Conclusion: To be effective, maintenance trainers must be properly funded for spares 
and fleet modifications. 


HpMMMHMIl HMMMHHMHHHHM iSiBMH HHHMMHHMH MHBBi Hi MM HHH HHBH HMK 1 HHHHHMMMH 

I Recommendation: Consider the eventual replacement of the aircraft being used as 
I maintenance trainers with maintenance trainers designed for that purpose. 


Recommendation: Retrofit and modification of maintenance training aircraft (when 
appropriate) should occur at the same time or prior to those changes being incorporated in 
tactical aircraft. 


Recommendation: Adequately budget for maintenance-training aircraft spares. 


4 Programmatics 


4.1 Overview 

The Panel reviewed the V-22 program, including its structure, budget and schedule, and 
considered recommendations to improve upon it. In summary, the program was 
proceeding as well as can be expected, given the significant fiscal constraints, and the 
plan to introduce not only a new aircraft but also a new and unique maintenance and 
logistics support concept at the same time. 

The V-22 Risk Management Program and Systems Engineering processes are success 
stories despite significant challenges posed by the joint venture arrangement of having 
two prime contractors to deal with instead of a prime contractor/subcontractor 
arrangement. Intense communications are required to have success in these areas; 
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however, it was obvious to the Panel that greater communication was required with the 
user community to keep them informed of program actions. 

A common theme the Panel found throughout its assessment was inadequate resources to 
execute the planned program. Inadequate resources in development and early production 
essentially delayed program maturity. Once fielded, spares and support were inadequate 
to sustain fleet operations and are projected to remain low throughout the life of the 
program. To accommodate a higher cost than originally planned, yearly aircraft 
procurement rates were reduced to live within near-term budget constraints. 

4.2 The Joint Program and Systems Engineering 

The two major mishaps in 2000 and the results of the OPEVAL show that many of the 
issues and challenges of the V-22 Program cut across traditional design and development 
disciplines. Inadequate integration of flight control hardware, software and pilot human 
factors was an issue in the North Carolina mishap. Technical publication development 
and validation is another systems engineering issue. Further, the assurance disciplines of 
system safety, reliability, maintainability, and quality all depend upon a solid and open 
systems engineering approach for success. A potential threat to good systems 
engineering and integration is the relatively unusual 50/50 joint program work share 
(design and production) used by the two prime airframe contractors, Boeing Helicopters 
and Bell Helicopter Textron. Considering the number of cross- functional issues in the 
program, the Panel reviewed the organizational and management approach of the V-22 
Program to determine if this dual prime concept with shared integration responsibilities 
might be putting an undue strain on the program’s systems engineering efforts. The 
Panel also looked at how the V-22’s design trades and risk management are 
accomplished. 

Organizational Approach 

Bell and Boeing split the engineering and production work and the profits 50/50. They 
have a joint process for transferring work for cases in which it looks like the 50/50 split is 
challenged, or when one company’s skills were more suitable for a given task than those 
of the other were. Contractor interface with the Government is through a Joint Program 
Office (JPO) located near the NAVAIR Program Office at Patuxent River. The JPO is a 
relatively small office with representatives from both companies. (NAVAIR has a 
separate contract with Rolls Royce Allison for engine production and support). The JPO 
is headed by a Program Director, who is a Bell or Boeing employee on a rotating basis. 
The Bell and Boeing Program Managers at their respective sites in Fort Worth and 
Philadelphia report programmatically to the Program Director. 

The systems engineering effort for the NAVAIR Program is headed by the Deputy 
Program Manager Systems Engineering (Class Desk). On the contractor side. The V-22 
Systems Engineering Management Plan for Engineering and Manufacturing 
Development (EMD) (last changed in 1993) outlines the organizational structure and the 
various responsibilities for the contractor team members. Systems engineering tasks and 
activities are pervasive throughout the program and fall under the overall responsibility of 
the Technical Director, who reports to the JPO Program Director. The NAVAIR 
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contractor team uses Integrated Product Teams (IPTs) and Analysis and Integration 
Teams (AITs) with negotiated leadership and participation by the Government and die 
two companies, according to their respective responsibilities and strengths. 

Although the responsibility for systems engineering falls on the Bell Boeing JPO, that 
office has no systems engineering capability beyond management. Both Bell and Boeing 
provide the staff and functional policy guidance for all systems engineering tasking at 
their respective sites. Each company has its own techniques, formats, and organizational 
heritage for the various systems engineering disciplines; however, the Systems 
Engineering Plan specifies the process and standards to be used by the joint program. 
Where there is conflict, the JPO policy takes precedence. The breakdown of design 
responsibilities by company is shown in Appendix G. Each company, through the IPT 
and AIT structure, handles its unique integration and assurance issues. Integration issues 
that cross company boundaries such as electrical systems, flight control system, 
maintenance publications, and crew training, are managed by the .IPO, again through 
IPTs and AITs with joint membership and reporting to the JPO Technical Director. 

This organizational approach to systems integration and program management carries 
with it the risk of omission. The JPO does not have a systems engineering staff of its 
own, so there is some degree of delegation and decentralization of the discipline, a real 
challenge for the JPO technical director and Navy Class Desk. In discussions with the 
key people involved, it was apparent to the Panel that any risk to systems engineering 
inherent in the dual prime contractor approach is at least partly mitigated in the V-22 
Program by a combination of positive factors: 

• Strong systems engineering management by the NAVAIR Program 
Office; 

• Close coordination of issues among all organizations by the contractor 
JPO; 

• Ain active inclusive risk management program; 

• Good communications and working relationship between Bell and Boeing 
team members (at all levels); and 

• Dedication to the concept by upper management in both companies. 

And most importantly, according to NAVAIR, Bell, and Boeing managers, 

• Continuity and corporate knowledge among the key members of the team 
(many of whom have been on the project in excess of 10 years). 

As time goes on, and people on the Government and contractor side move to other 
positions, it will be important to maintain continuity and corporate knowledge. By its 
nature, a single prime contractor who is also the systems integrator is generally the 
optimal approach to systems engineering; however, at this late date, and in view of the 
importance of consistency in the program, the Panel sees no value in changing basic 
contractual or organizational structure. However, NAVAIR should take steps to 
minimize the threat to key personnel continuity through the critical post-OPEVAiL 
development and early production phases still ahead. 
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Conclusion: The Bell Boeing Joint Program Office is a critical feature in the V-22 
contractor organization, especially with regard to program integration. 


Recommendation: Constant attention must be paid by both the Navy and the Bell 
Boeing Joint Program Office to the potential for lapses in systems engineering integration 
discipline as team members try to solve problems outside of established processes. 


Conclusion: Possibly the most important ingredient in the V-22 Program’s systems 
engineering effort is continuity among its key personnel. 


Recommendation: As the program proceeds, both NAVAIR and the contractors should 
ensure a high level of continuity in the program’s Integrated Product Teams, Analytic 
Integration Teams, and key management positions. 


One of the key features of the EMD Systems Engineering Plan was its treatment of trade 
studies. Early in development, trade studies were used to weigh the effects of various 
design solutions against the requirements. No program has the luxury in funding, time, 
or even technical feasibility to maximize its design across all requirements; there are 
always optimization trades to be done. The V-22 systems engineering program 
prioritized the various design requirements by category, putting the highest weight on 
those design requirements related to range, shipboard compatibility, speed, and payload 
capability. They ranked reliability and maintainability requirements at roughly half the 
weight of the major performance measures. Safety-related requirements were spread 
throughout the weighting scale, with human factors at just over half of the maximum 
weight factor, and crashworthiness, handling qualities, and one-engine- inoperative 
performance at the lower end of the scale. This relative ranking can easily justify a 
decision to develop a 5000-psi hydraulic system with its component weight and volume 
(thus payload, range, and speed) advantages, even at the expense of reliability and 
maintainability. 

Although most design trades for EMD were conducted in the early to mid-1990s, there 
continues to be a need for requirements updates, risk mitigation strategies, design 
upgrades, engineering changes, etc., for an aircraft at this early stage. Considering the 
nature and importance of the flight test supportability discrepancies and mishap 
investigation results, the program would do well to update the trade study weights 
consistent with current priorities, as necessary. This update would provide proper and 
consistent guidance to the engineering team for its ongoing systems engineering 
activities. 
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Conclusion: Although the V-22 was not intentionally designed to be unreliable or 
unmaintainable, the results of the OPEVAL are relatively consistent with the systems 
engineering trade study weighting scheme. . .the aircraft performed as it was designed! 


mmm 


j Recommendation: For the next phase of system and requirements reviews, risk trades, | 
and engineering changes, the program should assess its trade- study priorities and perfomi I 
updates consistent with today’s priorities — i.e., safety, reliability, and maintainability. | 


Risk Managfmfnt 

In considering the long history of technical, cost, and schedule issues with the V-22 
Program over the years since inception, the Program Manager has refined the risk 
management process, making it an integral part of overall program management. In the 
briefing and ensuing discussion, it was clear to the Panel that this program has taken 
classical risk management to a level not often seen in large Government programs. In 
any number of programs, risk management, if formally done, is treated as a distinct 
process, in addition to, rather than as an integral part of system engineering. Most often, ' 
it is accomplished by designating a program management team member as part-time “risk 
manager.” Some of the larger programs hire support contractors to provide process 
support, or in some cases, independent analysis support (independent of the prime 
contractor). Some major programs have an IPT (e.g. Naval Sea Systems Command 
Program Executive Officer Carriers) or a standing risk board (National Aeronautics and 
Space Administration (NASA) Space Station Program) that meets periodically to discuss 
and assign status to risks, but they are not necessarily part of the engineering change 
process or the everyday program management system. According to the V-22 Program 
Manager, he is the Risk Manager, and his philosophy is to “create an open, honest, risk- 
aware culture in which risk management is considered to be a normal, healthy aspect of 
sound overall program management.” 

The program has a large risk-management support team of approximately 20 full- time- 
equivalent people from several program office support contractors. They help the 
process by running the systems, managing the electronic risk database, providing 
independent risk assessments as required, and tracking the status and mitigation plans. 
Because the risk process is integral to the program management process, the Program 
Manager believes it allows him the best chance of heading off problems before they 
happen, or at least minimizing their probability and/or severity when avoidable. 

The scope of the V-22 risk management program is broad. Anything that can threaten 
technical performance, cost, or schedule is fair game. Safety risks are handled 
independently by the NAVAIR system safety team, using MIL STD 882 standards and 
the System Safety Working Group chaired by the Class Desk. However, if a safety issue 
comes out of that process as an “unacceptable risk,” it is tracked and worked by the 
program in the risk management process as a technical risk. A safety issue is not passed 
off to the program; however, as the system safety team independently tracks the status 
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and mitigation efforts and continues to independently reassess risk level as new 
modifications or controls are put in place. 

The analysis part of the V-22 risk management process is usually qualitative in nature, 
with the exception of certain quantitative specification compliance issues (i.e., reliability 
and performance requirements). Because of this, the program does not treat risks 
statistically, nor are mathematical uncertainties used as they are in some programs. The 
categorization of risks uses the three- level ranking technique common to many programs : 
high, moderate, and low. Although the program uses risks to create “risk adjusted” cost 
projections, its officials have had some trouble finding a reasonable approach to risk 
adjusted schedule prognostications. The Program Manager stated that they have gone 
through several starts and stops with various techniques for applying risk to program 
schedules in a quantitative way, and all have fallen short. 

The Program Manager points to cost and schedule performance indicators consistently 
over 99 percent (better than most other programs managed by the Naval Air Systems 
Command). He believes that future success in the program depends on its continued 
integrated, open processes. He pointed out that the risk management process received 
high marks in an independent audit chartered by the Assistant Secretary of the Navy for 
Research, Development and Acquisition (ASN (RDA) in March 1994, and that the 
system is even better today. 


Conclusion: The V-22 Program risk management approach appears to be robustly 
supported by management and appears unusually well coordinated with other program 
activities. In spite of its minimal use of state-of-the-art quantitative risk assessment 
techniques, it appears to be better coordinated and managed than risk management 
systems found in other major programs. 


Recommendation: The Defense Systems Management College risk management course 
should use the V-22 Program risk management process as an example of how to 
incorporate risk into everyday program management. 


4.3 Program Communications 

During visits to both Government and contractor facilities, the Panel members were 
struck by the lack of awareness by officials of both organizations with some of the issues 
and concerns being raised by the Marines and Airmen of VMMT-204. More 
significantly, many of the VMMT-204 personnel did not know if their technical issues 
were being addressed. The latter concern was becoming a morale problem. The issues of 
concern covered three areas: the aircraft, the maintenance system, and enlisted 
maintenance training. 

As mentioned in the VRS discussion, the knowledge among MOTT pilots of the risk of 
VRS in the V-22 was limited before the Mirana mishap. Although the engineering 
community was aware of the potential and had a formal Safety Action Record on the 
subject, this level of understanding was not shared by all of the pilots. The lack of 
understanding of the system safety program and its functions is not unique to the V-22. 


64 






90 


Section 2: Specific Findings 


During a Hairier program system safety risk assessment in 1999 \ this lack of connection 
between system safety and squadron level aviation safety was very apparent. Factors 
included: lack of system safety training at the Naval Safety School; lack of formal ties 
between risk acceptance rationale and risk controls; insufficient participation (usually due 
to lack of travel money) in the System Safety Working Group; and lack of policy 
guidance from the Chief of Naval Operations. The answer pursued by the Harrier 
program was to improve informal communications and increase travel funding for 
squadron participation in safety reviews. If the V-22 Program and operational 
community do not take special care to maintain a strong communications link between 
the operators who take the risks and the Program Manager who accepts the risk on their 
behalf, there will be ample opportunity in the future for another avoidable mishap. 

The loss of the second V-22 in December 2000, followed by the grounding of the squadron 
and the appointment by the Secretary of Defense of this Panel, as well as the ongoing DoD 
Inspector General Investigation, all have had an impact on the members of VMMT-204. 
Significant concern was expressed during the Panel’s visit with the squadron that the problems 
that they had been dealing with for some time were not being addressed adequately. The 
combined NAVAIR Fleet Support Team (FST) and Joint Program Office (JPO), Osprey 
Support Center (OSQ located at MCAS, New River works closely with the squadron every 
day to help with problems, communicate issues to and from NAVAIR and the contractor 
facilities, and otherwise facilitate communications. 

Conclusion: While standard legacy reporting processes are being used properly, they 
appear to be inadequate to the expressed desires of the operators. 


Recommendation: Review information flow requirements between the V-22 Program, 
Bell Boeing, and the customer, and develop a funded plan to increase the responsiveness 
to operator needs. (Attention needs to be given to meeting similar requirements for the 
Air Force and SOCOM during CV-22 introduction). 


Issues that result in changes to the aircraft are another source of frustration for the 
operators. Specific complaints included: Mini-Mark fasteners that fell apart and created 
both a foreign- object damage hazard and high workload for maintainers; lack of adequate 
inspection panels on the aircraft (particularly around the nacelle area); and oil leaks from 
the engine. Although the normal reporting system for such anomalies appeared to be 
intact and working, the lag time, or lack of status updates on engineering changes, was an 
area of concern to the operators. 

One example of poor feedback was the case of the steel sleeve that was installed on the 
Interconnect Drive Shaft as an interim heat protective measure after the 1992 accident at 
Quantico. This sleeve was later removed when the permanent fixes were installed in the 
aircraft nacelle to reduce the probability of hot air reaching the shaft in the event of an 


1 AV-8B Risk Management Process Review, an Independent Assessment by Futron Corporation, dated. 31 May 19S9. 


65 




91 


Section 2: Specific Findings 


engine fire. Apparently, the crew chiefs had grown to appreciate the risk mitigation 
offered by the sleeve, and they had concerns when modified aircraft arrived without a 
sleeve and with little or no explanation at their level. Another example was the 
information received by the squadron that their aircraft probably would not be retrofitted 
with new crashworthy sponson- mounted fuel tanks, while other squadrons would have 
the new tanks installed at the factory. This expressed concern probably overstates the 
problem, but armed with limited information, the Marines were rightfully troubled. 

Finally, the Panel heal'd from several sources that the relationship between the 
developmental and operational test pilot communities was less than cooperative; causing 
an environment that was not always conducive to good communications. Part of that 
problem is an apparent long-standing prohibition by OPTEVFOR of sharing all but the 
most serious information with NAVAIR during the conduct of OPEVAL. Such things as 
hardware failures and maintenance problems are held for months before being relayed to 
the developers. Further, there has been a historic problem throughout Marine Corps 
tactical aviation with operators failing to write hazard reports (HAZREPs) for close calls, 
minor incidents, etc. These things are usually a judgment call, and in the press of 
operations, often operators do not bother with the HAZREP because there was no injury 
or damage. At the very least, these communications problems can be frustrating to the 
engineering and aviation safety community and their efforts to improve the aircraft. 

Conclusion: There is not enough communication of engineering change activities from 
the engineering community to the operators and visa versa, considering the state of the 
V-22 in its development and introduction. 


Recommendation: Supplement the standard formal reporting to and from the Osprey 
Support Center with informal feedback to facilitate the exchange of information to and 
from the operators. 


Another area of concern revolves around the maintenance department and the challenges 
that it faces in dealing with the new IETM electronic publication system, the AMEGS, 
and the new NALCOMIS (Optimized) reporting system. These systems would be a 
challenge to introduce to a well-established legacy aircraft, but trying to develop them 
while introducing a new aircraft has turned out to be something more. Again, the 
communications systems for all of these areas are established and working, but the 
operational maintainers involved are not necessarily updated on the status of their 
anomaly and deficiency reports until much later than would be the case if they were 
active participants in a development test program. 

Other areas of concern are late delivery of the ground maintenance training system and 
the overall uncertainties of the program exacerbated by the ongoing limited distribution 
mishap, JAG, and IG investigations and press speculation. 

It was clear to the Panel that both the Program Office and Bell Boeing are aggressively 
working to resolve all of the issues that were addressed by the squadron and that they are 
trying to touch the operators through an actively engaged OSC. However, the squadron 
personnel are not adequately being informed of the status of relevant issues (particularly 
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safety-related issues) in a timely manner. In a well-established operational squadron 
environment, the fomial communications links and reports are generally adequate for their 
purpose. For an aircraft system at this stage in its development, and with this level of 
uncertainty for its immediate and long-term future, there is a need to keep the participants “in 
the loop” to a greater extent than the formal reporting systems would allow. More informal 
updates, factory visits by the operators (some already completed at this writing), and frequent 
squadron visits by the engineers and managers would help. Eventually, when the aircraft is 
flying, and the Marines and Airmen are busy training and building new squadrons, this need 
for extraordinary communications will subside, and, with the possible exception of the system 
safety program, the formal reporting system should suffice. 

The maintainers of VMMT-204 gave the OSC high marks for the cooperation and support 
provided to them. Both the Government and Bell Boeing need to be more proactive in 
utilizing the OSC as a conduit to VMMT-204. In addition, the OSC should act as a conduit 
for the vetting of VMMT-204 concerns to both organizations. They probably will not be able 
to step beyond normal reporting by themselves; they will need program and contractor 
management help. 

Conclusion: The Osprey Support Center appears to be an appropriate vehicle to improve the 
communications flow throughout the operations and engineering and support community, 

however. 

Conclusion: The management attention provided by the contractors appears to be at too 
low a level, and the feedback for operational problems is too limited and slow. 


Recommendation: Both the Government and Bell Boeing should increase the 
management visibility of the Osprey Support Center and decrease the turnaround time for 
relevant problem- resolution status. 


Recommendation: Bell and Boeing CEOs, the V-22 Program Manager, and the Joint 
Program Office meet monthly to review program status until the current concerns are 
resolved. 


4,4 Program Development Reserves 

The V-22 Program lacked funding reserves to address unexpected contingencies during 
development. Design maturity was effectively delayed because needed changes could 
not be made during development and were deferred to production. In addition, reserves 
during early production were insufficient, thereby delaying design maturity further. (See 
Subsection 4.6 Engineering Production Changes.) 

Resources to address unforeseen and unforeseeable circumstances that occur, even in the 
best- managed development programs, are required or design maturity is effectively 
deferred to the production phase. Additional reserves during the development phase are 
much more efficient since changes can be made quickly and do not force costly 
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production cut-ins and even more costly retrofit. The complexity of the V-22 aircraft 
also suggests that a higher level of reserves is required. 

The Navy’s unwritten budget policy for development is to cut any management reserves 
from any budget requests prior to submission to the Office of the Secretary of Defense. 
Since there is a 2- year window to obtain additional resources through the traditional 
budget process, the program went through significant program restructures to 
accommodate shortfalls. These shortfalls resulted in such actions as modified training 
devices and deferred spares and logistics support. CV-22, which is still in development, is 
still not fully funded to the current estimate and does not have any development reserves. 

Conclusion: Reserves are needed to address unknowns for even the best managed 
programs. No reserves for V-22 development and early production resulted in a lack of 
design maturity commensurate with proposed full-rate production in December 2000. 
CV-22 probably will have some unknown contingencies arise that are not funded. 


} Recommendation: A funding reserve should be provided and protected during the DoD 
budget process for unknown contingencies for CV-22 development and to address the 
additional design and development and the Development Maturity Phase recommended 
by the Panel 


4.S CV-22 Block 0 Development 

In December 1994, the Deputy Secretary of Defense specified the funding responsibilities 
for the V-22 Program. The Navy would fund MV-22 development and production. The 
Navy also would fund CV-22 development with no cost limit specified. The Air Force 
would fund the basic MV-22 airframe. The United States Special Operations Command 
(SOCOM) would fund CV-22 special operations forces unique equipment. 

On April 4, 1997, the Under Secretary of Defense for Acquisition and Technology 
approved the Navy’s request to enter low-rate initial production and associated 
documentation. In addition, future production decisions were delegated to the Navy. 

The Navy and SOCOM negotiated an agreement that split the JORD requirements into a 
baseline CV-22 aircraft needed for Initial Operational Capability (IOC) and the 
preplanned product improvement program (now Block 10, which SOCOM accepted as its 
responsibility). In November 1997, the Navy and SOCOM signed an agreement whereby 
the Navy agreed to fund the CV-22 development effort for the Block 0 program to a 
maximum amount of $560 million (raised from $550 million). CV-22 Block 0 EMD 
projected cost increases are estimated at $657 million, or $97 million over the cap. The 
Program Manager projects that the funding cap will be exceeded by June 2002, with no 
source for additional funds identified. 

Conclusion: The funding cap restricts accomplishment of minimal essential 
requirements for Initial Operational Capability. If the cap is removed, funding 
responsibility must be identified. Because the aircraft is currently grounded and the 
monthly spending rate has slowed, the program is vulnerable to funds migrating to other 


68 



94 


Section 2: SpecificHndsngs 


Service programs. If this occurs, funds may not be available to complete necessary work 
recommended by this Panel 


Recommendation: Remove the CV-22 Block 0 funding ceiling and fund at the required 
levels. Retain the funds in the program until the Secretary of Defense considers the 
Panel’s specific recommendations. 


4.6 Engineering Production Changes 

If the aircraft design does not mature in development (see previous issue on Funding 
Reserves in Development), aircraft modifications in LRIP aircraft will be necessary and 
more extensive. The Department of the Navy typically allows 2 percent of the program 
budget for engineering changes at mature production, with higher rates allowable prior to 
that point. Mature production is usually defined as the point at which full- rate production 
is initiated. The 2 percent rate does not consider the complexity of the aircraft system 
and the changes required based on fleet or production line experience. The budget 
allowance for V-22 production engineering changes in the first four LRIP lots was less 
than 1 percent (cumulative rate). 

Additionally, in order to modify a fielded MV-22 (retrofit), a separate funding line 
(Aircraft Procurement Navy- 5) and full funding is required. To date, neither the funding 
line nor the funds has been established. Since CV-22s are not in production, retrofit is 
not an issue at this time; however, CV-22 will need to avoid this same problem. 

Conclusion: Engineering changes have not been adequately funded during LRIP. 
Temporarily reducing the production rate to a minimum sustaining rate would free up 
funds for further development efforts. It also would allow engineering changes to be 
incorporated into the production line as soon as possible. However, reducing aircraft 
allows the funds to be vulnerable to other Service priorities. If this occurred, the funds 
would not be available for further development efforts. 


Recommendation: Temporarily reduce production to a minimal sustaining rate until 
both the aircraft design and manufacturing processes mature. Funds generated by this 
reduction in aircraft should be protected in the DoD budget and made available for a 
Development Maturity Phase and increased production engineering changes. (See 
subsection 4.8 Program Funding). 



Conclusion: Aircraft retrofit of fielded aircraft will be required for MV-22 and CV-22. 


Recommendation: Establish an Aircraft Procurement Navy-5 funding line and provide 
funds. Assure that CV-22 retrofit is covered with funding lme and funds, as appropriate. 
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4.7 Spares and Logistics Support Planning and Provisioning 

The V-22 aircraft provides a significant advancement in warfighting capability. 

However, the introduction of this technology into the military logistics system must be 
supported with adequate spare parts and support. The adverse impact of inadequate spare 
parts on readiness was demonstrated during OPEVAL, as components failed at higher 
rates than predicted and spare parts levels were inadequate. Lack of replacement parts 
for frequently failed components resulted in delivery delays to the users and/or 
cannibalization of other aircraft on the productio n line at Amarillo, Texas, to support 
Operational Evaluation and recently the operational training squadron The initial 
support allowance list was projected at approximately 1,600 components. The current 
spare parts requirement now stands at more than 6,000 components. 

More than $700 million in spares funding was reduced in the out years by allowing five 
amphibious ships to share two sets of V-22 spares. A Naval Center for Cost Analysis 
(NCCA) independent cost estimate for spares, including those spares budgeted in the 
Navy Inventory Control Point account, was roughly $840 million (“then- year” dollars) 
higher than the Navy Fiscal Year (FY) 2002 Budget Estimate Submission for FY 2001 
through FY 2013. The NCCA estimate did not take into account any sharing of spares 
aboard ship, but rather, estimated spares based on a percentage of recurring flyaway cost 
after examining historical spares costs on other Navy rotary and fixed-wing aircraft. 

In addition, the NCCA assessment of logistics support (other than spares) was roughly 
$550 million (then-year dollars) higher than the Navy FY 2002 Budget Estimate 
Submission in support cost for FY 2001 through FY 2013. This included training 
equipment, technical publications, and other Integrated Logistic Support (ILS) and 
Government Production Engineering Support. These estimates were based on examining 
historical ILS costs on Naval rotary and fixed-wing aircraft as a percentage of recurring 
flyaway adjusted to reflect MV-22 unique program requirements (e.g., power by the hour 
vice tradition engine depot rework). 

The Navy routinely funds spare parts to a level of approximately 85 percent of the 
program manager’s requirement. The rationale for the Navy’s approach is twofold: 1) a 
high level of unique spare parts that are redesigned or replaced result in excess unusable 
inventory, and 2) assumed commonality between platforms could yield cross-program 
efficiencies. However, the Navy’s approach does not take into account the introduction 
of a new technology or capability. As the year progresses and actual rates develop, the 
Navy can and does supplement programs in need. In fact, the V-22 Program has received 
100 percent ofits requested funds based on the Navy’s spares model, albeit later than 
needed. The problem is that actual spares requirements have tended to be higher than 
predicted by the model. 


Conclusion: Production line experience and field data collected at VMMT-204 indicate 
that spare-parts availability was inadequate to sustain fleet operations. 

Conclusion: The independent cost estimate by the Naval Center for Cost Analysis 
indicates that planned funding for spares and logistics support in the out years is 
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insufficient. 


I Recommendation: Fund spare-parts levels and logistics support based on the results of 
I the independent cost estimate and actual experience to date. 



Recommendation: Fund additional engineering change proposals to improve reliability 
and to reduce spare parts requirements. 


4.8 Program Funding 

V-22 Program Cost 

In the FY1996 President’s Budget submission, the Department of Defense increased its 
total funding commitment from $6.6 billion (which did not include production) to $52.9 
billion. This change added 523 total aircraft, including 425 for the Marine Corps ’ MV-22 
variant, 50 for the Special Operations Command’s CV-22 variant, and 48 for the Navy’s 
HV-22 variant. 2 Although this was a large investment by any measure, much of the 
required funding was outside the Future Years Defense Program period (FY 1996 - FY 
2002) that was under consideration at that time. 

The FY 2001 President’s Budget (the most current budget approved by Congress) is 
substantially less, at $38.1 billion. This reduction was primarily in procurement and was 
due to the lowering of the inflation indices in the FY 1997 President’s Budget, a 
reduction of 65 aircraft in the FY 1999 Quadrennial Defense Review (QDR), and 
aggressive cost-reduction efforts. 3 

The savings attributed to lower Office of Management and Budget (OMB) inflation 
indices are substantial at over $6 billion. Recent experience negotiating the FY 2001 
production contract, currently on hold, suggests that these indices are optimistic and that 
contractors are experiencing significantly higher rates (5 percent versus 2 percent for 
Office of Management and Budget). The above factors and aggressive cost reduction 
efforts resulted in a reduction in average procurement unit cost from $87.9 million in the 
FY 1996 President’s Budget to $67.3 million in the FY 2001 President’s Budget 
(composite unit cost in then-year dollars of all variants). This was a significant unit cost 
reduction, particularly when logic would suggest that the QDR reduction of 65 aircraft 
would increase the average unit cost. 

Yearly budget execution is another matter. In FY 2000, two V-22 aircraft were deferred 
annually from the planned procurement profile in order to award the FY 2000 
procurement contract within the budgeted dollars. This slide in aircraft to the out years 


2 Comparison of December 1993 and December 1994 Selected Acquisition Reports (SAFfe). 

3 Comparison of December 1994 and December 1999 SARs. 
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resulted in an increase in the total procurement program of almost $900 million. 1 A 
similar deferral of aircraft annually and increase in total procurement would have been 
required to award the FY 2001 procurement contract with the available FY 2001 budget 
dollar's. These FY 2001 potential increases were primarily due to: higher inflation and 
rates recently negotiated by the Defense Contract Management Command, a reduction in 
the anticipated learning curve efficiencies, and increased content. 

Based upon the reliability and maintainability issues discussed in earlier sections of this 
report, the Panel believes the program is not mature enough for full-rate production or 
operational use. The Program should restructure by reducing production to a minimum 
sustainable level in order to provide funds for a Development Maturity Phase. This 
approach will also keep the number of aircraft requiring retrofit of any changes to a 
minimum. This Development Maturity Phase should be characterized by a phased 
approach to return to operations, including flight readiness reviews before each phase. 

To begin the Development Maturity Phase, the FY 2001 quantity must be reduced, and a 
congressional reprogramming request will be required to convert those procurement 
dollars to Research Development Test and Evaluation (RDT&E) dollars. The FY 2002 
procurement quantity also must be reduced and converted to RDT&E, ideally in a revised 
FY 2002 President’s Budget submission. 

Cost of Alternatives 

As mentioned in Subsection 1: The Need for the V-22, the Panel reviewed past studies, 
all of which compared the V-22 with existing aircraft or notional upgrades to existing 
aircraft. The Panel members were unaware of any future design ideas that could be 
considered reasonable alternatives nor did they review any Defense Advanced Research 
Projects Agency (DARPA) studies or Special Access Programs. Previous studies of 
alternatives for the stated mission of the V-22 have consistently shown that the V-22 
capabilities exceed those of the alternatives. However, it is also consistently the most 
expensive. Table 7 shows a cost comparison of the V-22 with other potential helicopter 
alternatives. 


Aircraft' f 7 

h' ■- ’ 1 ■ 

Average Unit tlyaway Cast 
fYSOal ams-tantSM. 

MV-22.. : 

$47.6 -$51.4 

CH-53 (Upgraded) 

$42.8 $43.3 

CH-5.3E .. Jfh ■ ■ 

$36.3 -$.37.1 

EH-101 

r $33.8 


S-92 

$25.2 $27.2 


UH-1Y 

$9.4 $10.0 


CH-60 

$20-522 


Note: Co"enty the Office of the Secretary of Defense, Program Analysis and Evaluation Division, is ucdating :he aralysis of 
allerns:ives to the V-22. These cost data presented are consistent with their ongoing analysis. 


Table 7: MV-22 and Possible Alternative Costs 


1 Comparison of December 1 998 and December 1 999 S ARs. 
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The lower cost for the MV-22 is the baseline program (Milestone III, December 2000). 
The upper limit assumes a restructured program that slows production for several years to 
allow for additional design iterations and testing. The V-22 sunk cost is approximately 
$12 billion in then-year dollars through the end of 2001. 

CH-46E and CH-53D alternatives are not shown because reintroducing these aircraft into 
production is not feasible. They are out of production and the alternatives described 
above are already in production or minimal efforts would be required to get them back 
into production. 

To complete its look at alternatives, the Panel also reviewed a recent DoD assessment on 
the industrial base implications of V-22 cancellation. While not a factor in the Panel’s 
conclusions, the analysis showed that Bell U.S. operations would be the most seriously 
impacted should the program be canceled. Not only would cancellation put the viability 
of Bell’s Fort Worth and Amarillo facilities in doubt, it could be prohibitive to their 
ability to remain in the military helicopter market. V-22 is very important to the Boeing 
Philadelphia facility, where cancellation would cause a loss of capability and result in a 
very strong dependence on the Comanche program for continued viability. V-22 
termination would also likely create discrete supplier base issues — particularly for those 
that rely on V-22 for a large percentage of their business base. A review should be done 
to ensure that technologies important to other DoD programs are not lost. Finally, at 
facilities doing both V-22 and other DoD work, the cost (primarily due to increased 
overhead apportionments) of these other DoD programs will increase. The effects of the 
Panel’s recommended restructure will have to be evaluated in more detail by the 
Department. 

Conclusion: The V-22 is the most expensive option; however, it is also the most capable 
and the only alternative that is capable of performing all of the stated missions of both the 
Marine Corps and Special Operations Command. 


I Recommendation: Proceed with the V-22 Program as the best alternative for the stated 
; mission need. 

— Mma—— ira— — 


Conclusion: Reducing yearly production rates and sliding aircraft to the out years allows 
the program to proceed without impacting other near-term DoD priorities; however, 
deferral of aircraft and a lower yearly profile will cause the total program procurement 
cost, and resulting average unit procurement cost, to increase substantially. 
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Recommendation: To address the specific actions identified in this report, temporarily 
reduce the production rate to a minimum sustainable level and reprogram funds that are 
freed to the Research, Development, Test, and Evaluation account to apply to the 
Development Maturity Phase and increased production engineering changes. Incorporate 
resulting changes into the production line as early as possible. Funds generated by this 
reduction in aircraft should be protected in the DoD budget. 

Conclusion: Higher production rates in the out years, coupled with multiyear 
procurement, could offset the additional cost of deferring aircraft to later years. 


Recommendation: Once the Development Maturity Phase is complete, establish a 
maximum economic production rate and buy out the remaining aircraft with firm, fixed- 
price, multiyear procurements to help recover total program cost and schedule. 
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The need for a capability of the type the V-22 was designed to satisfy appears to be 
justified, and by its demonstrated performance, the V-22 has shown unique potential to 
meet that need. There is no evidence that the V-22 concept is fundamentally flawed; 
however, the aircraft is not ready for operational use in a number of key respects, chief 
among them system reliability and maintainability. 

At this point, the soundest management approach for the V-22 Program is to restructure 
the program by temporarily reduc ing production to a minimum sustaining level while 
simultaneously initiating a Developmenl Maturity Phase. Until completed, restrictions 
should be placed on operations. Passenger flights, night operations, and selection of 
aircrew all should be limited until the phase has progressed to the point where known risk 
issues have been properly addressed and confidence in the maintenance program has 
returned. The Development Maturity Phase should be initiated immediately and 
substantially completed prior to significant production or deployment. 

The Development Maturity Phase should consist of subphases with a flight- readiness 
review by high-level Government and contractor leaders for each stage of operations 
(developmental flight test, operational flight test, training squadron operations, and start 
and deployment of the first tactical squadron). The Development Maturity Phase should 
focus on the following factors: 


Meeb 


Summary Recommendation: Validate and prioritize requirements; delete those that are 
invalid or that rank poorly in cost/ benefit terms. 


Summary Recommendation: Improve reliability, then verify by extensive test/fix/test 
challenging environments. 


Summary Recommendation: Expand safety risk assessments to include off nominal 
conditions, with emphasis on flight control software, and hydraulic and power train 
systems. Retrofit crashworthy fuel cells into all operational aircraft. 
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Summary Recommendation: Extend high-rate-of-descent testing, formation flying 
(and other deferred flight tests as appropriate) to sufficiently define and understand the 
high-risk portion of the flight envelope under all appropriate flight conditions. Add a 
VRS cockpit warning system and appropriate simulator training. 


Summary Recommendation: Make the flight manuals correct, explicit, and simple. 


Qeebaiiqn&l Effectiveness and Suitability 



Summary Recommendation: Fix the existing maintenance publications system or 
adopt a new approach, such as the system currently being used by the F- 1 8 or the one 
| planned for the H- 1 upgrade program. 


Summary Recommendation: Provide better physical access to obstructed areas for 
inspection and maintenance by ground crews, and substantially refine the diagnostics 
system. 


■ Summary Recommendation: Explore the suitability and limitations of the aircraft in 
such activities as tactical formation approaches, fast roping, and desert/night operations. 


PROflRAMMATICIS 


Summary Recommendation: Proceed with the V-22 Program, but temporarily reduce 
production to a minimum sustaining level to provide funds for a Development Maturity 
Phase and keep to a minimum the number of aircraft requiring retrofit. 

I. • .. — u., . . j--,- , r .; i., <■ . i •.•••.- [ „ i.r j 

-y.-ha'-Tlf-i rfffory "» ■ , j .« tKaWtawt , * gjgg | I HBj ’’Sr" | 

Summary Recommendation: Implement a phased approach to return to operations with 
flight-readiness reviews before each phase. 


j Summary Recommendation: Purchase adequate spares and logistics support. 
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OFFICE OF THE UNDER SECRETARY OF DEFENSE 

3000 DEFENSE PENTAGON 
WASHINGTON, DC 20301-3000 


AcoummoN A>ra 
TECHNOLOGY 


MEMORANDUM FOR SECRETARY OF DEFENSE 

DEPUTY SECRETARY OF DEFENSE 

THROUGH: UNDER SECRETARY OF DEFENSE (ACQUISITK 
TECHNOLOGY AND LOGISTICS) 

PRINCIPAL DEPUTY UNDER SECRETARY OF DEFENSE 
(ACQUISITION, TECHNOLOGY AND LOGISTICS) 
DIRECTOR, DEFENSE RESEARCH AND ENGINEERING 

y s / 0 

FROM: DIRECTOR, STRATEGIC AND TACTICAL SYSTEM: 

Approved by: Dcpuiy Dircctor, Land Warfare 

Prepared by: Gary Gray//OUSD(A&TyS4TS^W/7ir.uiry 3. 2001 m 7-0638 



$MM~3Z‘Ub> 


fA'C* 
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SUBJECT: V-22 Review Panel Charter 


PURPOSE: To obtain your approval of the charter. 
DISCUSSION: 


• On December 1 5, because of the V-22 's accident history and other testing issues, you 
appointed an independent high-level panel to review of the program. (Tab B) 

• General John R. Dailey (USMC Retired) w:M serve as pane! chair. Norman R. 
Augustine, General James B. Davis (USAr Retired), and Dr. Eugene R. Covert will 
be the other members serving on the panei. 

• Attached is the charter that establishes the panel, subject to the Federal Advisory 
Committee Act requirements for filing and publication of the charter. 

COORDINATION: ARA; Comptroller; Legislative Affairs; Dircctcr, Administration and 
Management; and General' Counsel concur. See Tab C. 

RECOMMENDATION: Approve the attached charter at Tab A. 


SECDEF Decision: 

ynjkj SECOETHASSEBt 

* Approved 

5 2000 

Disapproved 


Other 


o 
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CHARXES 

PANEL TO REVIEW THE V-22 PROGRAM 

A. Official Designation: Panel to Review the V-22 Program 

B. Objective aod Scope of Activity: Conduct an independent, high-level review of the 
V-22 program to include safety of the aircraft and recommend any- proposed changes or 
corrective actions, and report the results to the Secretary of Defense. The panel shall 
comply with the Federal Advisory Committee Act (FACA), as amended, 5 USC, App.H, 
and DoD Directive 5105.4, the “DoD Federal Advisory Committee Management 
Program.” 


C. Period of Time Required: It is estimated that the panel members will take threc-to- 
four months to complete their work. 

D. Official or Sponsoring Proponent to Whom the Committee Reports: 

Secretary of Defense. 


E. Support Agency: The Under Secretary of Defense for Acquisition, Technology, and 
Logistics will provide the Designated Federal Official, who will also serve as Executive 
Secretary for the Panel. The Secretaries of the Military Departments, Chairman of the 
Joint Chiefs of Staff, and. Director, Administration and Management, will provide 
cooperation and assistance to the panel as it carries out its review. 

F. Duties and Responsibilities; The panel should address the following factors, as they 
affect strategy and combat effectiveness: 


Engineering and design 
Production and gu ajity rencrol 
Suitability to satisfy operational requirements 
Performance and safety of flight 


G. Membership. The panel will be composed of four members. 'General John R. Dailey 
(USMC Retired) will ser/e; as. panel chair. Mr. Norman R. Augustine, General; fames' B. 
Davis (US AF Retired), and Dr. Eugene E. Covert will be the other members serving- on 
the panel. All members' Have substantial expertise, knowledge, and experience 1 necessary 
in matters related to the V-22 review. Travel and per diem entitlements will be.-boooced 
as prescribed in Chapter 57,, Title 5 U.S.C. 


H. Estimated Annual Operating Costs in Dollars and Work-Years: It is estimated 
that total cost for travel, per diem, consultant fees, and staff support will not exceed 
$600,000 and 1 .0 staff-years. 


L Number of Meetings! The Panel will meet as often as necessary to fulfill hs 
rtsponsibiliues within the three-to-four month time frame. 
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Termiaatfca Date : Hurty days after submission of the report of the Page] 
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THE SECRETARY OF DEFENSE 

lOCO DEFENSE PENTAGON 
WASHINGTON, DC 20301-1000 

DEC 15 2080 


MEMORANDUM FOR GEN (RET) JOHN R. DAILEY, USMC 
MR. NORMAN R. AUGUSTINE 
GEN (RET) JAMES 3. DAVIS, USAF 

SUBJECT: Review of the V-22 Program 

On December 11, 2000, an MV-22 crashed, killing all 4 Marines on board. The 
cause of the accidentis unknown at this time. The V-22 has experienced three 
other accidents since 1991. The Marine Corps suspended flight operations 
and requested a delay of the full-rate production decision until the fcause of the 
most recent accident is fully understood. 

The V-22 aircraft are intended to meet the Marine Corps amphibious and 
vertical assault mission, the Navy strike rescue mission, and the special 
operations needs of the Air Force and Special Operations Command (SGCOM). 
Variants of these aircraft will replace or supplement a range of aging platforms 
As a- result, the Vt 22 will make up a sizable component of our modernization 
program and wariighting capability'. 

The V-22’s accident history and other testing issues necessitate that we 
undertake an independent, high level review of the program. You are hereby 
appointed to conduct this review, to include safety of the aircraft and to 
recommend any proposed corrective actions. You should complete your review 
and report to the Secretary of Defense as soon as possible. Specifically, you 
should address the following factors, as they affect safety and combat 
effectiveness: 

=> Training 

=> Engineering and design 
=> Production and quality control 
=> Suitability to satisfy operational requirements 
=> Performance and safety of flight 
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By copies of this memorandum, I request the Secretaries of the Military 
Departments, Chairman of the Joint Chiefs of Staff, and Director, 
Administration and Management, to provide full cooperation and assistance to 
the panel as it carries out its review. I have asked General Dailey to serve as 
the Chair of the group. The Under Secretary for Acquisition, Technology and 
logistics will provide an executive secretary for the panel. 



cc: Secretary of the Army 

Secretary of the Navy 
Secretary of the Air Force 
Chairman of the Joint Chiefs of Staff 
Director, Administration and Management 
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General John R. Dailey 


John R. (Jack) Dailey, retired United States Marine Corps general and pilot, assumed the 
duties of director of the National Air and Space Museum in January 2000. General Dailey 
comes to the Museum from the National Aeronautics and Space Administration (NASA), 
where he had been the Associate Deputy Administrator since retiring from the United 
States Marine Corps in 1 992. At NASA, he led the Agency's reinvention activities. 


His career in the Marine Corps spanned 36 years and included extensive command and 
staff experience. He has flown over 6,000 hours in a wide variety of aircraft and 
helicopters. During two tours in Vietnam, he flew 450 missions. He was promoted to the 
rank of general and named Assistant Commandant of the Marine Corps in 1990. He has 
numerous personal decorations for his service in the Marine Corps and NASA. 


While at NASA, General Dailey served on the President's Management Council, co- 
chaired the Aeronautics and Astronautics Coordinating Board, and was a national 
delegate to the Research and Technology Organization supporting NATO. He also serves 
as national commander of the Marine Corps Aviation Association and is a member of the 
Early and Pioneer Naval Aviators Association ("Golden Eagles"). 


General Dailey ms bom on February 17, 1934, in Quantico, Virginia, and earned his 
Bachelor of Science degree at the University of California, Los Angeles, in 1956. He and 
his wife, the former Mimi Rodian of Copenhagen, Denmark, live in Fairfax, Virginia. 
They have two grown children, Lisa Bader and Nils Dailey. 
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Honorable Norman R. Augustine 


Norman R. Augustine was bom in Colorado, attended East Denver High School and 
Princeton University where he graduated with a BSE in Aeronautical Engineering magna 
cum laude, an MSE, and was elected to Phi Beta Kappa, Tau Beta Pi and Sigma Xi. He 
holds honorary doctorate degrees in a variety of fields from many colleges and 
universities. 

Beginning in 1965, he served in the Pentagon in the Office of the Secretary of Defense as 
an Assistant Director of Defense Research and Engineering. Joining the LTV Missiles 
and Space Company in 1970, he served as Vice President, Advanced Programs and 
Marketing. In 1973 he returned to government as Assistant Secretary of the Army and in 
1975 as Under Secretary. Joining Martin Marietta Corporation in 1977, he served as 
Chairman and CEO from 1988 and 1987, respectively, to 1995, having previously been 
President and Chief Operating Officer. He served as President of Lockheed Martin 
Corporation upon the formation of that company in 1995, and became Chief Executive 
Officer on January 1, 1996, and later Vice Chairman and Chairman. He served as 
President of Lockheed Martin Corporation upon the formation of that company in 1995 
and became Chief Executive Officer on January 1, 1996, and later Vice Chairman and 
Chairman. Mr. Augustine is Chairman and Principal Officer of the American Red Cross, 
is a former member of the Policy Council and Chairman of the Education Task Force of 
the Business Roundtable and a former Chairman of the National Academy of 
Engineering. 


Mr. Augustine is co-author of The Defense Revolution and Shakespeare In Charge and 
author of Augustine ’s Laws (printed in four languages) and is listed in Who ‘s Who in 
America and Who ’s Who in the World. He is married to the former Meg Engman of 
Stockholm, Sweden, and they are the parents of a son, Greg, an electrical engineer, now 
deceased, and a daughter, Rene, an attorney serving as Counsel to the Senate Judiciary 
Committee and married to Mark Alanie, an investment banker and former NBA player. 
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General James B. Davis 


In August of 1993, General J. B. Davis concluded a 35-year career with the United States 
Air Force as a combat fighter pilot, commander and strategic planner and programmer. 
He has served as a commander of a combat fighter wing, of the U.S. Air Force’s Military 
Personnel Center, Pacific Air Forces, and United States Forces Japan. On the staff side, 
he served as the Director and Programmer of the U.S. Air Force’s personnel and training, 
Deputy Chief of Staff for Operations and Intelligence Pacific Air Forces, and served his 
last two years on active duty as the Chief of Staff, Supreme Headquarters Allied Powers 
Europe (NATO). 


During his military career he has had extensive experience in operations, intelligence, 
human resource management, and political/military and international affairs. He has 
commanded a nuclear capable organization of about 6,000 personnel and a joint service 
organization of about 60,000 personnel and several sizes in between. 


After retirement from the military, General Davis has remained involved in his area of 
expertise, lecturing and speaking on international and aviation affairs. In February 1995, 
General Davis was nominated by the Speaker of the House of Representatives and 
confirmed by the Senate to sit on the Presidential Base Closure and Realignment 
Commission that reviewed the Secretary of Defense’s closure list for 1995. In July 1995, 
the commission sent recommendations to the President Clinton, which were accepted and 
became law. Additionally, General Davis served on the Congressional Commission on 
Servicemember’s and Veteran’s Transition Assistance (The Dole Commission.) He is 
currently the president of a Japanese corporation and is the CEO of the American 
subsidiary. He served as the “Safety Czar” for Value Jet Airlines and continues to assist 
commercial airlines in strategic planning. 


General Davis has a BS degree in Engineering from the U.S. Naval Academy, a Masters 
degree in Public Administration from Auburn University at Montgomery, has attended 
multiple professional schools and is a National Defense University Capstone Senior 
Fellow. 
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Dr. Eugene E. Covert 


Dr. Eugene E. Covert attended the University of Minnesota and earned his Bachelor of 
Aerospace Engineering and Master of Science degrees. He was awarded the Sc.D. from 
the Massachusetts Institute of Technology (MIT). 

He currently serves as the Director of the MIT Center for Aerodynamic Studies and the 
Wright Brothers facility. He is the T. Wilson professor emeritus in the Department of 
Aeronautics and Astronautics at MIT. From 1952 to 1996 he has held positions as T. 
Wilson Professor of Aeronautics, MIT, Professor, Department Head, Associate Professor, 
Research Engineer and Associate Director. He has had a long and distinguished career in 
MIT. 


Dr. Covert was Chairman (1982-1986) of the USAF Scientific Advisory Board, member 
of the NASA Aeronautics Advisory Committee (1985-1989), Vice Chairman and 
Chairman of the Aeronautics and Space Engineering Board (1988-1990), and National 
Research Council Committee on NASA Program Changes (1981 to present). 


In addition to being the chief scientist of U.S. Air Force, Dr. Covert has also served as 
Chairman of the Air Force Scientific Advisory Board, as a member of the NASA 
Aeronautics Advisory Committee, and as Chairman of the AGARD Power and 
Energetics Panel. 


He has served as a consultant for the Defense Science Board (1 987-1994), Hercules 
Aerospace Corporation (1963-1994), Alliant Technology (1997-1998), Sverdrup 
Technology, Inc. (1976- present), United Technology corporation 1987-1990, Lockheed- 
Martin (1994-1997), TASC (1994-1998) and IDA (1995-present). 


He is an honorary fellow of the AIAA, a Fellow of the Royal Aeronautical Society and 
the AAAS, and a member of the National Academy of Engineering. He is listed in 
American Men and Women in Science, Who ’s Who in America, Who ’s Who in American 
Education, Who ’s Who in Science and Engineering, and Who 's Who in the East. 


B-4 



113 


Appendix B - Panel Members and Staff Biographies 


Gary J. Gray 


For almost 10 years, Mr. Gary has had oversight responsibility for DoD’s high visibility 
rotary wing programs. Mr. Gray has considerable expertise in the Department of 
Defense's Planning, Programming and Budgeting System and participated in the 1997 
Quadrennial Defense Review. In December 2000, Mr. Gray was assigned as Executive 
Secretary to the Secretary of Defense’s high-level, independent Panel to Review the V-22 
Program 


Mr. Gray moved to the Office of the Secretary of Defense (OSD) in tire Office the 
Assistant Deputy Under Secretary for Land Warfare (in February 1 989, as a participant in 
a Rotational Development Assignment). Since working in OSD, Mr. Gray's experience 
has broadened substantially. In addition to continuing his work on tank ammunition, he 
has expanded duties to include tactical missile systems, combat vehicles, tactical data 
systems and helicopter/tiltrotor systems. 


He acquired technical management experience in 1978 as lead engineer for a 120MM 
kinetic energy tank round which was a cooperative effort with the Federal Republic of 
Germany (GE) and culminated in a successful Feasibility Demonstration in Germany 
within six months. Mr. Gray continued as Lead Engineer until accepting a systems 
engineering position as Program Director for the 1 05MM Tank Gun Enhancement 
Program for upgrading the Ml and M60A3 tank fleets. Mr. Gray transferred to the 
Office of the Project Manager for Tank Main Armament Systems in January 1983 as 
Deputy, and later, Senior Item Manager for the 105 Tank Gun Enhancement Program. 
Between these two roles, he contributed to the Type Classification of a new 120MM KE 
round, which was used extensively in Operation Desert Storm. In April 1988, he accepted 
the position as Senior Item Manager for the Armament Enhancement Initiatives Program 
where across-the-board responsibilities included programming and budgeting, 
streamlined acquisition and Congressional liaison. 


Mr. Gray was bom in Bayonne, NJ. His degrees include a Bachelor or Science in 
Mechanical Engineering in 1975 and a Master of Science in Management Engineering in 
1979. Mr. Gray did his Master's thesis on Management of a Producibility Study based 
on his assigned responsibilities and practical experience. Both degrees are from the New 
Jersey Institute of Technology in Newark, NJ. Mr. Gray is married with two children and 
lives in Vienna, Virginia. 
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Colonel Carl A. Steel, USAF 


Colonel Carl A. (Andy) Steel is Commander of the 305 th Support Group, McGuire Air 
Force Base, New Jersey. As Commander, he is responsible for approximately 1,100 
people and a $2.2 billion physical plant consisting of 500 facilities and 1,900 family 
housing units. He directs the base civil engineering, security forces, services, 
communications, and mission support squadrons. 


Colonel Steel was a distinguished graduate of the Pennsylvania State Reserve Officer 
Training Corps program in 1978 after receiving a Bachelor of Medical Sciences degree. 
He is a command pilot with over 3,000 flying hours in the UH-1N and the B-52H. 


His degrees include: 1 978 -Bachelor of Medical Sciences, Pennsylvania State 
University; 1981-Master of Business Administration, Troy State University; 1981- 
Squadron Officer School, Maxwell Air Force Base; 1991 -Master of National Security 
and Strategic Studies, Naval War College; 1995-Air War College, Maxwell Air Force 
Base. 


His assignments include: 1978 - 1979: Student, Undergraduate Helicopter Training, Fort 
Rucker, Alabama; 1979 - 1982: UH-1N pilot, Detachment 9, 67 Air Rescue and 
Recovery Service, Zaragoza AB, Spain; 1982 March 1984: Instructor/Evaluator Pilot 
and Chief of Operatio nal Analysis, 1550 Aircrew Training and Test Wing, Kirtland AFB, 
New Mexico; August 1984 - April 1985: Special Events Project Officer, Washington 
DC; April 1985 - April 1986: Executive Officer, Office of the Deputy Chief of Staff for 
Plans and Operations, Headquarters United States Air Force, Washington, DC; April 
1986 - February 1987: Student, Fixed-Wing Qualification Program & Bomber 
Qualification Training, Combat Crew Training and Test Wing, Randolph AFB, Texas 
and Castle AFB, California; February 1987 - August 1990: Pilot/Flight 
Commander/Operations Officer, 20 th Bomb Squadron, Carswell AFB, Texas; August 
1990 - August 1991: Student, Naval War College, Newport, Rhode Island; August 1991 

- August 1993: Deputy, Chief of Assignments, Air Force Colonel’s Group, Pentagon; 
August 1994 - July 1995: Student, Air War College, Maxwell AFB, Alabama; July 1995 

- June 1997: Commander, 85 th Flying Training Squadron, Laughlin AFB, Texas; June 
1997 - July 2000: Director, Manpower, Personnel, and Administration Directorate, 
Headquarters, United States European Command, Stuttgart, Germany; August 2000 - 
Present: Commander, 305 th Support Group, McGuire AFB, New Jersey 
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Appendix B - Panel Members and Staff Biographies 


Colonel Raymond E. Schwartz III, USMC 


Colonel Raymond E. Schwartz III, USMC, was commissioned in June 1977 upon 
graduation from Fairfield University in Fairfield, Connecticut. He was designated a 
Naval Aviator in October 1979 and upon completion of initial training in the CH-46 
Medium Assault Helicopter at MCAS New River in Jacksonville, North Carolina, was 
transferred to HMM-265 in Kaneohe, Hawaii, for service with the Fleet Marine Force. 

His subsequent assignments included tours at Marine Aviation Weapons and Tactics 
Squadron One (MAWTS-1) in Yuma, Arizona, from 1984-88; Operations Officer for 
HMM-165 from 1988-91 (Desert Shield/Storm); Air Officer for the 3 rd Marine Regiment 
1991-92; Air Command and Staff College 1992-93; Assistant for USMC programs and 
POM systems coordinator for the Director Air Warfare N88C 1993-96; Executive Officer 
and Commanding Officer HMM-263 1997-99; National War College 1999-2000. 


Colonel Schwartz holds a Bachelor of Arts in Political Science from Fairfield University 
1977; Masters in Political Science from Auburn University 1993, and a Masters in 
National Security Strategy from the National War College, 2000. 


He is presently serving as the Deputy, Marine Aviation Plans, Policy and Budget Branch, 
HQMC. 
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APPENDIX B - PANEL MEMBERS AND STAFF BIOGRAPHIES 


Bryan O’Connor 


Mr. Bryan O’Connor has over 25 years in leadership and staff positions in 
aerospace operations, research and development and flight-test. As a Marine pilot, he 
performed duties as Aviation Safety Officer for the first U.S. Marine Corps Harrier 
squadron. He led the team that performed the first Navy Preliminary Evaluation of the 
YAV-8B, Harrier II prototype. He served as Deputy Program Manager (Acquisition) for 
the AV-8B Program at NAVAIRSYSCOM. He participated in two missions as a NASA 
Space Shuttle Pilot Astronaut. He founded and led the NASA Spaceflight Safety Panel. 
Upon retirement from the Marine Corps in 1992, he served as Deputy Associate 
Administrator for Space Flight and Director of the Space Shuttle Program. He led the 
team that redesigned the International Space Station. He accumulated over 5000 hours in 
over 40 types of operational and R&D fixed wing and VSTOL aircraft, and nearly six 
million miles in 253 orbits of the earth in the Space Shuttle. He is the recipient of several 
awards including the Distinguished Flying Cross and the NASA Distinguished Service 
Medal. Member of Marine Corps Aviation Association, American Institute of 
Aeronautics and Astronautics, Association of Space Explorers, and Society of 
Experimental Test Pilots. 


Mr. O’Connor has a BS in Engineering, United States Naval Academy, 1968; an 
MS Aeronautical Systems, University of West Florida, 1 970; he attended the Aviation 
Safety Officer Course; Naval Postgraduate School; and the Naval Test Pilot School, 
1976. Other formal training includes various management courses at NASA, University 
of Houston and George Washington University. 


He is currently a leader of Futron Corporation’s Washington, D.C. based 
Engineering Division, as well as the Aerospace Safety and Dependability Franchise. He 
is responsible for the technical content of the company’s system safety, reliability and 
technical risk management services. He served as program manager for U.S. Marine 
Corps aviation risk management studies in support of the Harrier Review Panel. He is a 
lead consultant on FAA Reusable Launch Vehicle Safety study. He was an advisor to 
DOE on nuclear safety issues, and to NASA on a variety of safety and risk management 
issues, including a major probabilistic risk assessment for the International Space Station. 
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Appendix C 

Panel Fact-finding Activities 


January 11 and 12, 2001 


Fact-finding Briefings, Program Overview 


February 26, 2001 


Fact-finding Briefings, Mishap Briefings, New Readiness 
Reporting System 


March 5-8, 2001 


Fact-finding Trips 


V-22 Training Squadron, Marine Corps Air Station, New 
River, NC 


Special Operations Command, Tampa, FL 


Bell Helicopter, Fort Worth and Amarillo, TX 


Boeing Helicopter, Philadelphia, PA 


March 9, 2001 


Open Meeting: Public Comments 


April 12 and 13, 2001 


Fact-finding Briefings, Final Information Requests 


April 18, 2001 


Open Meeting: Panel Deliberations 
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Appendix D 

Inspector General Memorandum for 
Chairman 
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INSPECTOR GENERAL 
DEPARTMENT OFOEPENSE 
400 ARMY NAVY DRIVE 
ARLINGTON, VIRGINIA 22Z0&-4704 


apr 3o axa 

MEMO RANDOM FOP. CHAIRMAN, PANEL TO REVIEW THE V-22 PROGRAM 
SUBJECT : Panel to Review the V-22 Program 


This responds to your staff's verbal request of .April 25, 
2001, for information regarding the- allegation that aircraft 
flight status’ieicbrds at Che Tilt-Rotor, Training Squadron 204, 
Marine Corps Air Station, New River, North Carolina, were 
falsified. Although our investigation is nearly complete, it 
remains active and therefore, I cannot provide you information 
concerning the results at this. time. However, X have read the 
Panel’s draft report and it is my opinion that none of the 
information gathered by the Panel contradicts information that 
we have independently developed during' oiir : investigation to 
da ce . 

I trust you will find this information .’helpful to your 
review. Should you have any questions, please contact me or 
Mr. James L. Pavlife, (703) 604.-8300. 



Robert 


liefcennan 


Deputy Inspector General 
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Appendix H 
Glossary 


Acronym Definition 


A/C Aircraft 

ACM Air Combat Maneuvering 

AGL Above Ground Level 

AMEGS Aviation Maintenance Event Ground Station 

AoA Angle of Attack 

BFWS Blade Fold/Wing Stow 

BIT Built-In-Test 

CAI Computer Aided Instruction 

CAL Confined Area Landing 

CAS Calibrated Air Speed 

COEA Cost & Operational Effectiveness Analysis 

CPI Cost Performance Index 

DCMA Defense Contracts Management Agency 

DSS Data Storage Set 

DT Development Testing 

El Engineering Investigation 

EMD Engineering & Manufacturing Development 

FA False Alarm 

FADEC Full Authority Digital Engine Control 

FCC Flight Control Computer 

FD Fault Detection 

FFS Full Flight Simulator 

FI Fault Isolation 

FLIR Forward Looking Infra-Red 

FLOT Forward Line of Own Troops 

FMC Full Mission Capable 

FOC Full Operational Capability 

FOD Foreign Object Debris 


FOT&E Follow On Test & Evaluation 


H-l 
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Appendix C - Panel Fact finding Activities 

FPI 

Fixed Price Incentive 

FRS 

Fleet Replacement Squadron 

FSD 

Full Scale Development 

GSE 

! Ground Support Equipment 

HA2REP 

Hazard Report 

H1GE 

Hover In Ground Effect 

HMD 

Helmet Mounted Display 

HMR 

Hazardous Material Report 

HOGE 

Hover Out of Ground Effect 

HROD 

High Rate Of Decent 

HUD 

Head-Up Display 

ICDS 

Inter-Connected Drive Shaft 

ICW 

Interactive Courseware 

IETM 

Interactive Electronic Technical Manual 

ILS 

Integrated Logistics Support 

ILSP 

Integrated Logistics Support Plan 

IMC 

Instrument Meteorological Conditions 

I M 1 

Interactive Multi-media Instruction 

IOC 

Initial Operational Capability 

IOT&E 

Initial Operational Test & Evaluation 

IPT 

Integrated Project Team 

ITT 

Integrated Test Team 

JASS 

JMVX Applications System Software 

JORD 

Joint Operational Requirements Document 

KPP 

Key Performance Parameter 

LATT 

Low Altitude Terrain Tactics 

LFT&E 

Live Fire Test & Evaluation 

LHA 

Amphibious Assault Ship, TARAWA Class 

LHD 

Amphibious Assault Ship, WASP class 

LRIP 

Low Rate Initial Production 

LSA 

Logistics Support Analysis 

LSAR 

Logistics Support Analysis Report 

LZ 

Landing Zone 

MAF 

Maintenance Action Form 

MAGTF 

Marine Air Ground Task Force 

MC 

Mission Capable 

MCAS 

Marine Corps Air Station 


H-2 
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MEU(SOC) Marine Expeditionary Unit (Special Operations Capable) 

MFD Multi-Functional Display 

MFHBA Mean Flight Hours Between Abort 

MFHBF Mean Flight Hours Between Failure 

MFHBUM Mean Flight Hours Between Unscheduled Maintenance 

MMH/FH Maintenance Man-Hours/Flight Hour 

MOUT Military Operations in Urban Terrain 

MR Mission Reliability 

MRTa Mean Repair Time after Abort 

MTAT Mean Turn Around Time 

MTBF Mean Time Between Failure 

NALCOMIS Naval Aviation Logistics Command Management Information System 


NAMTS 

Naval Aviation Maintenance Trainer Suite 

NATOPS 

Naval Air Training and Operating Procedures Standardization 

NAWC 

Naval Air Warfare Center 

NBC 

Nuclear, Biological & Chemical 

NOE 

Nap-Of-the-Earth 

OEI 

One Engine Inoperative 

OFT 

Operational Flight Trainer 

OGE 

Out of Ground Effect 

OMF 

Operational Mission Failure 

OMFTS 

Operational Maneuver From The Sea 

OPEVAL 

Operational Evaluation 

ORD 

Operational Requirements Document 

PAA 

Primary Aircraft Authorized 

PEDD 

Portable Electronic Display Device 

PEO 

Program Executive Officer 

PIO 

Pilot Induced Oscillation 

PRGB 

Prop-Rotor Gear Box 

PTT 

Part Task Trainer 

QA 

Quality Assurance 

QMS 

Quality Management System 

RFI 

Ready For Issue 

RM&A 

Reliability, Maintainability & Availability 

S/A 

Situational Awareness 

SAR 

Safety Action Records 

SAR 

Search And Rescue 


H-3 
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Appendix C- Panel F act' finding Activities 


SAR 

Selected Acquisition Report 

SME 

Subject Matter Expert 

SOF 

Special Operations Force 

SP! 

Schedule Performance Index 

SP1E 

Special Personnel Insertion & Extraction 

STO 

Short Take Off 

TACAN 

Tactical Air Navigation 

TAS 

True Air Speed 

TCL 

Thrust Control Lever 

TF/TA 

Terrain Following/Terrain Avoidance 

TOA 

Total Obligation Authority 

TOC 

Total Ownership Cost 

USSOCOM 

US Special Operations Command 

VLATT 

V- 22 Low Altitude Terrain Tactics 

VMC 

Visual Meteorological Conditions 

VMS 

Vehicle Management System 

VRS 

Vortex Ring State 

VSLED 

Vibration, Structural Life, and Engine Diagnostic system 

VTOL 

Vertical Take Off & Landing 

WSR 

Weapon System Reliability 


H-4 
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General Dailey. We recommended that the program be contin- 
ued but restructured. We found no evidence of an inherent safety 
flaw in the V-22 tiltrotor concept, that the requirement is justified, 
and that the V-22 has demonstrated its ability to satisfy the re- 
quirement. However, we found that the V-22 lacks the maturity 
needed for full-rate production or operational use. 

We recommended temporarily reducing production to a minimum 
sustaining level which will provide funds for the maturation pro- 
gram while keeping the number of aircraft requiring retrofit to a 
minimum. To recover program cost and schedule, we recommended 
that the program ultimately procure at a higher, more efficient rate 
with a firm, fixed-price, multiyear contract. We also recommended 
implementation of a phased approach to return to full-rate produc- 
tion and operation. 

Mr. Chairman, this concludes my statement on behalf of the 
panel, and we are now ready for your questions. 

[The prepared statement of General Dailey follows:] 

Prepared Statement by Gen. John R. Dailey, USMC (Ret.) 

Mr. Chairman and members of the committee, we are pleased to appear today to 
discuss the findings and recommendations of The Panel to Review the V-22 Pro- 
gram. The panel is composed of four members: Norman R. Augustine, Dr. Eugene 
E. Covert, Gen. James B. Davis, USAF (Ret.), and myself as the Chairman. Sec- 
retary of Defense Cohen determined that the accident history of the V-22 aircraft 
and other testing issues required an independent review of the program. 

I would like briefly to review our activities. The panel was commissioned on De- 
cember 15, 2000 and met with the Deputy Secretary of Defense on December 28, 
2000. Fact-finding activities started on January 11, 2001. These consisted of brief- 
ings on the Marine Corps and Special Operations Command mission requirements, 
the ability of the V-22 aircraft to meet the requirements and the program status. 
We were briefed by the Program Manager, the Director of Operational Test and 
Evaluation, and the General Accounting Office. We spoke to the Naval Air Systems 
Command, test personnel, pilots, maintainers and contractors. 

In March we conducted site visits. We visited the training squadron at Marine 
Corps Air Station, New River, North Carolina and Special Operations Command at 
MacDill Air Force Base, Florida. After a visit at Bell Helicopter in Fort Worth and 
Amarillo, Texas we concluded our visits at Boeing Helicopter in Philadelphia, Penn- 
sylvania. During this time we toured the flight line, training facilities, maintenance 
spaces, factories and engineering laboratories and flew the V-22 simulator. 

On March 9, we conducted an open meeting to provide the general public the op- 
portunity to submit information to the panel about the V-22 program. 

On April 18, we held an open meeting to conduct public deliberations in prepara- 
tion for submitting our recommendations to the Secretary of Defense. Our purpose 
today is to present a summary of our findings, conclusions and recommendations 
and with your permission, submit a copy of our report for the record. 

We recommended that the program be continued, but restructured. We found no 
evidence of an inherent safety flaw in the V-22 tiltrotor concept, that the require- 
ment is justified, and that the V-22 has demonstrated its ability to satisfy the re- 
quirement. However, we found that the V-22 lacks the maturity needed for full-rate 
production or operational use. 

We recommended temporarily reducing production to a minimum sustaining level, 
which will provide funds for the maturation program while keeping the number of 
aircraft requiring retrofit to a minimum. To recover program cost and schedule, we 
recommended the program ultimately procure at a higher, more efficient rate with 
a firm, fixed-price multiyear contract. We also recommended implementation of a 
phased approach to return to full-rate production and operation. 

Mr. Chairman, this concludes my statement on behalf of the panel and we are 
now ready for your questions. 

Chairman Warner. Thank you very much. 

Many people are following this hearing who do not have the ben- 
efit of all of the background and documents that we have before us 
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to draw a conclusion. In just your own simple expression of terms, 
is it the judgment of yourself and the panel that this technology 
can, at some point in time, be made safe and that an operational 
fleet of these aircraft can be manufactured? 

General Dailey. It is the opinion of the panel that this is so. 

Chairman Warner. Do you have a period of time in which you 
would hope that this technology will be established as ready to go 
into full production? 

General Dailey. We recommended that the production be re- 
duced at this point until the deficiencies in the current design are 
corrected. 

I think it is important to point out here, sir, that we are not talk- 
ing about technology. These are not technological barriers that are 
being faced. These are production issues that have arisen as a re- 
sult of the dense packing of the nacelle primarily with hydraulic 
lines, wire bundles, and fasteners that hold them in place. So, this 
is not a rewinging or technology issue of that magnitude. However, 
there is significant indication that work needs to be done in these 
areas. 

This is a 5,000 pound hydraulic system which is the wave of the 
future. The F-18E/F and the F-22 are using this pressure also, as 
opposed to the 3,000 pounds that we had in previous aircraft. It 
provides you the opportunity to use smaller actuators so you can 
get a more compact packing or density of the nacelle and the ad- 
vantages it provides. 

But there are still things to be learned. They are using titanium 
lines, which are very strong and light, but they are also more brit- 
tle than stainless steel and more subject to chafing. Therefore, 
when the fasteners do not hold the parts in the proper position, 
they rub against each other, which is what happened in one of the 
accidents. 

We recommend reengineering the nacelle. We suggest going back 
in and taking a look at all of these systems that are in the nacelle 
to see how they interoperate and how they are placed, and to deter- 
mine the operational environment in terms of temperature, vibra- 
tion, and acoustics. This has been done, but perhaps more is re- 
quired. 

Chairman Warner. You used the term very carefully, and it is 
clearly understandable — there were deficiencies in design — that is 
a finding by this panel. 

Mr. Augustine, you have spent a lifetime with firms that do de- 
sign, research and development, test and evaluation, and produc- 
tion. The panel has determined that these deficiencies existed, and 
I would like to get a clear understanding as to why they were not 
detected beforehand. To enlighten the committee and all those fol- 
lowing this hearing, why were they not discovered by others and 
remedied before this aircraft was utilized in such a way as to put 
at severe risk those operating it? 

Mr. Augustine. Mr. Chairman, that is a question that we have 
all thought about a good deal these past 4 months. I think the first 
thing I need to observe is that this is a very complex machine. It 
is very complex aerodynamically and it is very complex mechani- 
cally. 
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There were certain things that were not done that in retrospect, 
I am sure the designers wish they had done. One of those things 
was to do more analysis, of what we in the trade call “single-point 
failures” — in other words, where one single failure can have a cata- 
strophic result. In most cases aircraft are designed to have two; in 
the case of this aircraft, often three failures are required before you 
can lose the aircraft. Had a more thorough single-point failure 
analysis been done, I think that we could have had a better status 
today. 

A second thing that I believe was not done was to evaluate off- 
nominal conditions in the software. The software is complicated — 
that is true of many systems today. I would submit that one can 
look at code by the hour and not find the subtleties that contrib- 
uted to one of the accidents. I think one has to test over and over 
and over, but particularly in off-nominal conditions where some- 
thing has gone wrong and you are in a mode you had not expected 
to be in. 

The third thing I would submit would be that, over the years, the 
test program for defense systems has turned into one where it is 
more a case of filling out a report card — and if you do not fill in 
this square properly, your program will be canceled. Whereas, in 
the past, test programs focused more on what can we break, how 
can we break it, and can we fix it, and can we break it safely and 
test. I think today, testing is much more cautious and less exhaus- 
tive, less probing than it used to be. 

Those would be the three principal things that come to my mind. 

Chairman Warner. The findings of this panel can be utilized 
throughout our whole military procurement program in terms of 
testing. 

Mr. Augustine. I think even more broadly than that, Mr. Chair- 
man. We put together a list of 17 characteristics where we see 
problems in the acquisition program as a whole, and we compared 
the V-22 with that list. In most cases, the V-22 was not particu- 
larly dissimilar from other aircraft. In fact, even the accident rate 
at this point for the V-22 is not that much greater than other air- 
craft. 

I think the big difference is, in my own case where I am more 
familiar, for example, with the F— 16, when you lose an early F-16, 
which is a tragedy, usually there is only one person on board. It 
is a pilot and often a test pilot. In this case, you had a large num- 
ber of marines riding in the back. 

Chairman Warner. My last question, General Dailey. As I am 
sure you are aware, there is an ongoing investigation by the De- 
partment of Defense Inspector General concerning an allegation of 
falsification of maintenance records for the V-22. Did your panel 
also look into this allegation, and if so, is there any potential that 
this maintenance record falsification, if the allegation proves to be 
true, could have contributed to the V-22 tragic accidents of April 
or December? 

General Dailey. We did not look specifically into this allegation, 
sir. It is being covered by the Inspector General, and we do not 
have the report. However, they had our report and they reviewed 
it. We have a letter from the Inspector General saying there are 
no inconsistencies with our findings and theirs. 
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Chairman Warner. Thank you very much. 

Due to the large number of Senators, we will adhere to a 6- 
minute rule very carefully. 

Senator Levin. 

Senator Levin. Has the Inspector General concluded his report? 

General Dailey. I don’t believe so. 

Senator Levin. How could they then say that there are no incon- 
sistencies between their conclusions and yours if they have not yet 
finished their report? 

General Dailey. I believe that they have proceeded to the point 
where they are writing their report and have not completed it, but 
they have the findings and were able to determine that we are con- 
sistent with what they found. 

Senator Levin. I would like to ask some questions about the ac- 
quisition system itself. Since there were so many problems with 
significant safety issues that you identified, such as those with the 
hydraulic systems on the aircraft, how did the V-22 ever graduate 
to engineering and manufacturing development and begin flying 
troops in training missions, given that state of affairs? How could 
it have gotten to that point? 

General Dailey. I think that it is important to point out that in 
testing there were 13 key performance parameters that are re- 
quired for the airplane to meet. It met all 13 of those. There are 
241 additional thresholds that must either be met or modified by 
the customer as not being necessary. Out of those 241, 230, or 90 
percent, were met, and there are 11 remaining that have either not 
been tested — for example, icing was not tested because it was in 
the summertime and there was no ice available. That was sched- 
uled for later this fall. The maneuvering envelope for defensive air- 
craft maneuvering has not been tested but is scheduled. 

Of those 11, none of those were issues that would keep the air- 
plane from actually being fielded at this point because they were 
going to be tested prior or they could be determined to be unneces- 
sary. Those were things that were not absolute requirements in 
order for the aircraft to proceed. 

The maintenance problems that have been identified on the hy- 
draulic system, which is the most talked about, have been in work, 
in one case, since 1999 they have been working on fixes for this. 
But they have been learning, as they have been going, in terms of 
the problems and how they are being manifested. 

One of the things that has been found — and I think it is impor- 
tant to point out — we did not uncover any issue that was not iden- 
tified to us by the program manager when we started this process. 
When we had our open meeting for the public, we gave everyone 
an opportunity to come in, and anything that wanted to be said 
about this program could be said. Our goal was to get every issue 
that we had heard or could find in writing or that had been stated 
in one way or another, and then run it to ground to find out what 
the facts are. That is what we have done in our report. We have 
taken every issue that we know of and we have taken it to a con- 
clusion and a recommendation. 

We concentrated on those things that have been identified as de- 
ficiencies, not those things that have been identified as being actu- 
ally best in class in terms of the program. An example would be 
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the risk management program — interestingly enough, it is of such 
quality we have recommended that it be incorporated into the De- 
fense Management College course for program management at Fort 
Belvoir. 

So, there were things that were being done on this program that 
have been underway for quite some time. But there were things 
that were learned also that perhaps should have been learned ear- 
lier in a test program than they were. 

Senator Levin. Secretary Cohen, as I understand it, did not ask 
you to look into the question of falsification of maintenance data 
in the operational squadron. Is that correct? 

General Dailey. That is correct, sir. 

Senator Levin. Did you get any information from the Inspector 
General’s investigation about the alleged attempts to falsify main- 
tenance data? 

General Dailey. No, sir. We have no information from the IG. 

Senator Levin. Now, if you do not have that information, what 
confidence do you have that the maintenance data that you used 
in arriving at your conclusions was honest? 

General Dailey. The maintenance data itself was not critical to 
our findings. It was the maintenance support system, including the 
technical publications, the device by which this information is dis- 
played — which is essentially a laptop computer — and the training 
devices being utilized for maintenance training, which are all in 
great need of improvement before this system can be fielded. As a 
matter of fact, probably the major deficiency in terms of the reli- 
ability and supportability is the inability of the maintenance people 
to use the system that was put in place to support this aircraft. 

It is interesting to note that a new airplane was being introduced 
at the same time a new maintenance support system was being in- 
troduced to support that aircraft. The electronic display system is 
also new. 

So, I guess it was a case of not having any constants in the pro- 
gram. Everything was a variable. Therefore, the difficulty in work- 
ing the system on a new aircraft where there was very low experi- 
ence level has been the primary cause of problems that we have 
seen. 

We did not address the data itself as being critical to our find- 
ings. 

Senator Levin. During your review, did you come across any at- 
tempt to suppress or modify data to the Navy acquisition chain or 
to Congress on specific problems, such as the fact that the V-22 
had been experiencing hydraulic system problems well before that 
crash in December 2000? 

General Dailey. No, sir, we did not. We were given all of the in- 
formation by the program office, both contractors, and the training 
squadron. All of this information was made available to us. 

Senator Levin. You came across no efforts to suppress, change, 
or modify any information that was provided either to Congress or 
to the acquisition chain? 

General Dailey. We have no information of that type, no, sir. 

Senator Levin. Finally, why should we go ahead with any pro- 
duction of the V-22, including minimum sustaining rate produc- 
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tion, until we can be assured that any new design will be safe 
enough to carry troops? 

General Dailey. I think that the most important point here is 
that they have made significant progress in their learning curve 
and production. In our review we found that the initial aircraft 
that were delivered had about 35 discrepancies upon the accept- 
ance check by the receiving unit. The last aircraft that was pre- 
sented had four discrepancies. The people who are doing this work 
have come along significantly in terms of their ability to produce 
these airplanes. 

This is a workforce that we feel is important to keep in place. 
Now, they do not have to work three shifts a day, but a one-shift, 
5-day-a-week operation to keep that workforce in place and to keep 
the benefits of the learning curve that have already been developed 
are probably our principal reason for recommending that the line 
be kept open rather than shut down. Mr. Augustine may want to 
elaborate on that. 

Mr. Augustine. Well, I think that the General has really stated 
what there is to be said. 

Senator Levin. Thank you. Thank you, Mr. Chairman. 

Chairman Warner. Thank you, Senator Levin. 

Just from a procedural standpoint General Dailey, I suppose 
many of the questions will come to you, but if other members of 
the panel wish to enter the colloquy with a Senator propounding 
a question, just indicate that to the Senator, and I am certain that 
you will be recognized either by the chair or by that Senator be- 
cause we value the contribution of all of you. Thank you very 
much. 

Senator Santorum. 

Senator Santorum. Thank you, Mr. Chairman. 

Thank you, members of the panel, for your service. 

I am chairman of the Subcommittee on Airland. One of the 
things that I and my colleague, Senator Lieberman, have expressed 
concern about was mentioned just very briefly in one of your com- 
ments, the F-22, and the deferral of testing — I believe the concern 
about the use of simulation, modeling, and all the other things, as 
opposed to the actual testing. It is in a somewhat earlier stage of 
development than the V-22. That raises some concern from my 
perspective, given what we saw with V-22, deferral of testing, 
maybe too much use of simulation and modeling, that we may be 
getting into the same problem. 

You made a comment that the hydraulic system used on the V— 
22 is similar to the one that is being used on the F-22? 

General Dailey. The pressure of the system. 

Senator Santorum. The pressure — and that is new? 

General Dailey. Yes, it is. 

Senator Santorum. I just wanted to make sure that I understood 
that correctly and raised that concern. 

Could you tell me what areas of testing were deferred to poten- 
tially get us into this current problem and whether there are some 
lessons to be learned from other programs with respect to that sub- 
ject? 

General Dailey. Yes, sir. I think that the testing that was de- 
ferred was that portion that was not considered necessary to go to 
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the next step in whatever the program was. An example of this 
would be in the vortex ring state, which is an issue with one of the 
mishaps. The envelope was expanded to 40 knots of air speed or 
less and 800 feet per minute rate of descent. That was the envelope 
that was cleared to go to the next phase of operations. We are rec- 
ommending that that be taken much farther and that the charac- 
teristics of this vortex ring state be fully investigated before pro- 
ceeding with operational pilots flying the airplane again. 

Usually in these cases, where we are trying to get from one point 
to the next in terms of a schedule, the testing is taken to the point 
where it is considered adequate to certify an envelope of operations. 
That requires agreement from everyone involved before they pro- 
ceed. I think that was probably the case here. 

By the way, one of the things that we have also recommended 
is more simulation than was done with this airplane because there 
are high fidelity simulators now that are available at the contractor 
facility. 

Senator Santorum. But not in lieu of actual testing. 

General Dailey. No. It would be a combination. But this is a 
place where you can do some of the more hazardous testing to 
make sure that you understand it completely before you actually go 
to the flight testing. 

Senator Santorum. Any other deferments or any other waivers 
of testing that we should be aware of and learn from? 

General Dailey. I think it is the process. 

Senator Santorum. You are suggesting that the process of meet- 
ing these particular benchmarks is actually driving a short-cutting 
of testing, just so you can reach that benchmark so you can go to 
the next stage? 

General Dailey. It can. I would say that it certainly could hap- 
pen because testing costs money. It depends on the funding for the 
program. It depends on the schedule and what is enough to get you 
to the next step. I think that is one of the things that Mr. Augus- 
tine covered in the recommendations in terms of the entire acquisi- 
tion system that we 

Senator Santorum. So, it is a minimalist approach. In other 
words, let us get to the next stage and then we will worry about 
those other tests. We are not looking at it from a more comprehen- 
sive point of view? Mr. Augustine, you seem to want to jump in 
here. 

Mr. Augustine. Yes. I was just going to say that there are really 
two very critical decision points in an acquisition program. The 
first is to begin engineering development, and the second is to 
begin production. There has been a tendency, I believe, to focus on 
performance, meaning how far does it go, how high, how fast, and 
so on, at the expense of paying attention to is its reliability — can 
it be maintained? Particularly at the second of those two mile- 
stones, it is every bit as important to be sure that the system is 
reliable, that it is safe, that it is maintainable. I think we placed 
too much focus on the more traditional performance parameters. I 
believe that has been one of the problems that this program has 
suffered, and it is certainly not the first program that has suffered 
in that regard. 

Senator Santorum. General Davis. 
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General Davis. Senator, in the past I was with the F-16 pro- 
gram, and we not only tested the envelope that we had to get to 
operational evaluation (OPEVAL), but we actually worked the 
edges. That is where a great deal of learning comes, especially in 
the flight testing. 

In the software testing, they had a good test setup, but there was 
not a man in the loop originally, at least as much as there should 
have been. Boeing has changed that. I think that if they had had 
a man in the loop, they might have predicted this difficulty they 
had in December, but it was a test that just was not done. It has 
been done and will continue to be done, and I think that is very 
important. If you have a lot of software where it goes fail/operate, 
fail/safe, you need to, as the chairman of the panel said, work the 
off-nominal testing to make sure that airplane is ready to go. 

Senator Santorum. Dr. Covert. 

Dr. Covert. Sir, if I may. You made a reference to a comparison 
of the V-22 and the F-22. I think it is important to realize as ad- 
vanced as the F-22 is, it still falls within a lot of experience we 
have had with other airplanes. I think it is important to realize the 
V-22 is an entirely new kind of machine. It can take off like a heli- 
copter. It can cruise like an ordinary propeller-driven airplane. As 
such, I think that the testing requirements are larger for some- 
thing new because we do not always know what to expect. So, I 
think there is a tendency to look at this as just another airplane, 
and I think that is a bad thing to do and it probably has resulted 
in some of the decisions that have been made, sir. 

Senator Santorum. My time has expired. Thank you, Mr. Chair- 
man. 

Chairman Warner. Thank you very much, Senator. 

Senator Reed. 

Senator Reed. Thank you very much, Mr. Chairman. 

Gentlemen, thank you for your report. I think we all recognize 
that we have to get this right. This is an important potential asset 
to the Marine Corps, and it is something we have to do for the 23 
marines and their families to make sure we have all the answers 
and go forward with that information. 

Let me try to put it in context and ask General Dailey or Mr. 
Augustine or anyone else — in your experience, have we seen com- 
parable problems in other systems that have successfully gone on 
to full production? I do not want to infer that this is routine, but 
is this within the scope of previous experience? Mr. Augustine. 

Mr. Augustine. In my experience, I would say it is within the 
general range. There are some things here that are more extreme 
probably for the reason that we have a more complex system and 
a new concept. But if I look back at any number of programs that 
I have observed, accident rates in this general range have not been 
uncommon early, unfortunately. If one goes back 20 or 30 years, 
the accident rates were much, much higher than we are experienc- 
ing here. If I looked at a lot of programs that have been very suc- 
cessful — the Polaris, the overhead programs, the Sidewinder — I 
could list a number that had long streaks of failures that today I 
think would have guaranteed cancellation — once they had wrung 
the problems out, they turned out to be very good. 
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I think the key point is whether the problems are due to engi- 
neering implementation or whether they are conceptual, and that 
is the tough issue to address. 

Senator Reed. I presume from your report that you feel it is 
more an engineering than a conceptual problem. Is that correct? 

Mr. Augustine. That was, of course, one of the fundamental 
questions that we had to address. There have been four accidents, 
with the V-22 and one with the XV- 15 that was a precursor proto- 
type. Of those five accidents, four quite clearly were not connected 
with the concept. One arguably was or was not. 

Given that, I think the strongest thing I could say is that there 
is no evidence of a conceptual flaw. That does not guarantee there 
is not one, but there is certainly no evidence that there is a concep- 
tual flaw with the V-22. 

Senator Reed. When you talk about conceptual flaw, another 
way is a design defect rather than some type of engineering defect. 

Mr. Augustine. Is it something that good engineering should be 
able to solve or are you trying to fight the laws of nature? 

Senator Reed. In that concept, as you looked at your review of 
the design of the aircraft, did you measure against the full range 
of operational tests or operational environments that this aircraft 
would operate in? General Dailey, perhaps you could respond. 

General Dailey. The testing that has been conducted does do 
that, with the exception of the icing test, as I mentioned, they are 
waiting for the cold weather to get the environment. But the per- 
formance parameters that are required as the primary require- 
ments for the airplane have been met and thoroughly tested. 

Senator Reed. Mr. Augustine alluded to this. One of the real 
tragedies is that unlike some other programs, where the nature of 
the aircraft was a single-seater and there was an experienced test 
pilot, we lost 19 young marines in the incident in Arizona in a 
more operational test. That is what I am getting at in terms of the 
operational arena that this aircraft might be employed in. 

You are confident that, given all the missions posited for this — 
bringing marines over the beach, inserting special operations 
troops by various means — that there is not a design flaw with re- 
spect to those operations. 

General Dailey. Yes. As a matter of fact, it is the design that 
is going to probably make them more successful in those types of 
operations than they would be with the current systems because of 
the speed, range, and payload. The survivability of this airplane is 
significant. The testing that has been done there with live-fire tests 
have indicated that the survivability is going to be greatly en- 
hanced over the existing systems. 

Senator Reed. Just a final point and maybe a conclusory point. 
You all seem to be saying that this is now an engineering chal- 
lenge, well within the capability and capacity of our technology and 
our expertise in building aircraft to master. Is that fair? I do not 
want to put words in your mouth, but is that a fair assessment? 
Dr. Covert, you are the aeronautical engineer. 

Dr. Covert. I think that I would answer your question by saying 
that the problems that we have encountered so far have been prob- 
lems primarily related to several aspects. One is that you want to 
build this machine as light as possible in order to make recovering 
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practical, and this causes you to want to go to a 5,000 psi hydraulic 
system. 

One of the things that is almost impossible to calculate is the en- 
vironment in the nacelle. What is the noise level? What is the vi- 
bration level? What is the acoustic level? What is the temperature? 
This is a little bit at odds with the idea of how do we make it as 
dense and compact as possible. 

The sort of problems that have been surfaced are those due to 
the fact that the noise and vibration levels are higher than antici- 
pated, that the manufacturing process that they use called “click 
studs” to hold the little bits of fasteners there so you keep the wire 
where you want it or you keep the hydraulic tube where you want 
it. This process probably could be refined or perhaps a new proce- 
dure used. But it is that level of detailed engineering that we are 
talking about. It is not the grand level of — Mr. Chairman, may I 
say let the record show I was waving my arm at this point? 

Chairman Warner. Yes, very clearly. 

Dr. Covert. Thank you, sir. 

It is not the grand concept that is important or where the short- 
comings are. It is this detail that is not uncommon to encounter in 
other airplanes as well. 

Senator Reed. Just a final point. As you reviewed the informa- 
tion and looked carefully at this system, did you discover any other 
areas that should be looked at as potential problems in the future 
in terms of a very complicated platform? 

Dr. Covert. I do not think we encountered any areas that had 
not been previously reported in flight testing and OT&E or other- 
wise. It is just that the chafing of the titanium tube called itself 
dramatically to our attention as a result of the last December inci- 
dent. 

Senator Reed. Mr. Augustine. 

Mr. Augustine. I would agree with the professor and his com- 
ments. I would add that our understanding of that slip stream and 
downwash is somewhat limited. It is extremely complex, and there 
is more attention that needs to be paid in determining the exact 
consequences that it has. 

Senator Reed. General Davis. 

General Davis. Senator Reed, the one thing that stands out in 
this program is the abilities, the maintainability and reliability. 
They put three complex systems on top of each other, and that in 
itself does not produce a safety hazard. But it is something that 
you ought to look into with other programs to try to make sure we 
do not end up in that sort of square corner. You have a completely 
electronic manual that has only been 15 percent manually vali- 
dated and 85 percent simulated that plugs into a machine that we 
have very difficult codes to translate. Then on top of it, we have 
a force reporting system that is so brand new that the Marine 
Corps does not even have the manuals to properly interpret it. It 
is a very difficult situation. 

There is a real problem in trying to predict what the minority 
member basically said. How do you know that data is right and 
how can you analyze it and properly fix it? If you take anything 
away, it is let us not do that again. 

Senator Reed. Gentlemen, thank you very much. 
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Chairman Warner. Thank you very much, Senator. 

Senator Roberts. 

Senator Roberts. Thank you, Mr. Chairman, and I want to 
thank you for holding this hearing. 

My fear is that with the full and the justified attention paid to 
the tragedies and the mistakes that are associated with the Os- 
prey, that without a full understanding of the viability and the 
soundness of this program, that minds are understandably closing 
to the concept and the technology that the V-22 represents. I think 
you have done a good job here this morning trying to set the record 
straight. No one wants to sign on to this program if the technology 
is not sound, if the aircraft is not flyable by the men and women 
of the military services, nor if it does not really represent a capabil- 
ity not really resident in other aircraft. 

I hope that there can be an assurance to the public, to the mem- 
bers of this committee, and to the military that the V-22 can be 
made safe and technologically sound and will give the military ca- 
pabilities not yet found in aircraft of today. 

Now, Mr. Chairman, April 25, 1980. American armed forces at- 
tempted to rescue 53 citizens being held hostage by terrorists at 
the U.S. Embassy in Teheran. After the mission had moved to a 
staging area at a deserted airstrip in the Iranian desert — Desert 
One — it was terminated because of equipment failure. In the proc- 
ess of withdrawal, two aircraft collided, a massive blaze erupted, 
eight servicemen died, and one was permanently disabled. 

When the Air Force operators, Army operators and marines at 
Desert One returned to their home bases, they commemorated the 
sacrifice of their colleagues and created the Bull Simons Scholar- 
ship Fund for the 17 surviving children. Now there is a Warrior 
Foundation offering scholarship assistance to 83 children of the 
special operators that were killed. That is a tragedy just as severe 
and just as tragic as the 19 losses in Arizona. 

The President of the United States in 1995 said to those assem- 
bled, we are all here to thank our men and women in uniform for 
the rescue of Captain Scott O’Grady. He went into it in consider- 
able detail. An F-16 pilot in Captain O’Grady’s Triple Nickel 
Squadron picks up a faint radio signal and relays it to an AWACS 
plane. Within minutes the AWACS operators positively identified 
Captain O’Grady, and hours later 40 airplanes and helicopters are 
airborne, led by a combat search/rescue team from the 24th Marine 
Expeditionary Unit commanded by Colonel Martin Burnt. The 
AWACS aircraft, a marvel of our technology — emphasize the word 
“technology” — guides two Super Stallion helicopters within 50 
yards of Captain O’Grady. At the end of it, Captain O’Grady said, 
“Mr. President, I want to say one thing: The United States is the 
greatest country in the world, and God bless America.” 

These are the kinds of missions that the Marine Corps tells me 
that this aircraft is uniquely qualified for. These are the kinds of 
missions that were described to me when the Commandant of the 
Marine Corps and I took a test flight or a demonstration flight over 
by the Pentagon. That flight really knocked my socks off in terms 
of its capabilities. 

You have indicated that we recommended that the program be 
continued but be restructured. We found no evidence of an inherent 
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safety flaw in the V-22 tiltrotor concept, that the V-22 has dem- 
onstrated its ability to satisfy the requirement. Then you also say, 
however, that we found that the V-22 lacks the maturity needed 
for the full-rate production or operational use. You have a list of 
suggestions. 

This is the same question asked by Senator Reed and others on 
the committee. It is repetitive. I think, Dr. Covert, you have al- 
ready answered it. Is this technology such that we should continue 
this program for the missions that I have described? 

General Dailey. Yes, sir, we believe it is. 

Senator Roberts. The bottom line, in terms of your paragraph 
here, number seven in your report, basically is the bottom line de- 
spite the stain that we have on the program. Stains are a hard 
thing to wipe out — you can scrub and scrub. No one knows that 
better than the Commandant of the Marine Corps, but I think it 
is a stain that must be removed. We need a new fabric not only 
for the Marine Corps but for the military, and I commend you for 
your work and your conclusions. 

I would be happy to let you respond. 

General Davis. Sir, one comment needs to be made. If it was 
going to take 3 days to do the Desert One operation, this aircraft 
could have done it in one period of darkness. That, in itself, is a 
major step forward. 

Senator Roberts. Well, that is my fault for not really pointing 
that out. I thought that was self-evident. Also, with Scott O’Grady. 
You could do the same thing in regards to what? The NEO evacu- 
ation such as we have seen in Africa or the recovery of downed pi- 
lots, not to mention a host of other positive things. Those are the 
kinds of dramatic incidents in which we can see a lot of personal 
tragedies if we do not have this kind of capability in the future. 

I thank the chairman. 

Chairman Warner. Thank you very much, Senator Roberts. 

Senator Nelson. 

Senator Ben Nelson. Thank you, Mr. Chairman. I would like to 
thank the members of the panel for your diligent efforts to review 
the V-22 program, and I want to thank the Marine Corps leader- 
ship for coming here today to focus on these briefings and their 
findings. 

Obviously, our thoughts are with the families, certainly with all 
of the marines who have lost their lives during these mechanical 
accidents. 

There are two major issues here that are important. Number one 
is a question of safety, obviously, and reliability. In many respects 
they go together. Clearly, when the reliability factor is in doubt, 
the safety issue is there as well. 

In terms of the downwash question, when the V-22 is in heli- 
copter mode, is that a technological issue such as the one that you 
have raised that is now being worked on that may have positive 
implications when it is worked through to other craft as well — by 
having technology that will transfer from one craft to another in 
terms of hydraulics? That appears to be manageable and can be en- 
gineered, hopefully. What about the downwash? Is that a factor 
that can be dealt with in a similar fashion? 
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Dr. Covert. Yes, sir. I believe so. But I think in making that an- 
swer, we have to make clear that the downwash is related to the 
size and load on the rotors, and because of the shipboard require- 
ments to store the rotors, these rotors have been optimized to be 
somewhat smaller than you might use if it was not to used in ship- 
board. 

Senator Ben Nelson. You get a concentration as a result of that. 

Dr. Covert. That is right. 

But the downwash is the price you pay for sustentation. That is 
lift. I guess I should have used a one-syllable word instead of sev- 
eral. But anyway, the downwash is the reaction to carrying the 
load. I think that is well understood under normal flight cir- 
cumstances. 

Do you want to add anything, Mr. Augustine? 

Mr. Augustine. Yes. I would just say that the particular 
downwash characteristics of this aircraft are quite fundamental to 
the aircraft. It is unlikely they will be changed significantly. 

You mentioned hydraulics. 

Chairman Warner. Excuse me. I am going to have to make an 
administrative announcement. We now have a vote. I am going to 
quickly go over and come back. Senator Levin will recognize Sen- 
ators in my absence, but we are going to keep the hearing going 
straight through the vote. 

Mr. Augustine. With regard to the hydraulics that you men- 
tioned, there probably is nothing that is terribly unique about this 
aircraft other than the density in those nacelles. 

Senator Ben Nelson. But the density factor and the technology 
that it represents does have application to other craft for the fu- 
ture. Hopefully we can engineer around the density issue for safety 
and reliability purposes. I have just been concerned that we get 
that behind us because of the unique characteristics of the craft for 
downwash purposes, that it does not create other reliability and 
safety issues as well. 

Mr. Augustine. I think the most important thing we could say 
is there is no evidence of any fundamental flaw in the tiltrotor con- 
cept, and second, make no mistake. This is an aircraft that, in 
terms of reliability and maintainability, is not ready for operational 
use or for production. 

Senator Ben Nelson. Thank you. 

General Davis. Senator, if I might add, the downwash may very 
well be an offensive capability because when you put troops on the 
ground, you create confusion with that downwash. But it is man- 
ageable. The Marine Corps has tested that, and they are able to 
do those things they need to do. 

Senator Ben Nelson. Thank you. 

Senator Levin [presiding]. Thank you, Senator Nelson. 

Senator Allard. 

Senator Allard. First of all, before I ask a question, I just want 
to associate my remarks with many members of this committee, 
and so I will not repeat what they have already stated. 

I do think that we have a certain responsibility to make sure to 
make the V-22 as safe as possible. It is a little difficult sometimes 
to know where the acceptable risk might be. 



189 


You have listed a number of things that you think should be im- 
proved. When I was reading the summary report, I did not get the 
idea that they were particularly prioritized. Do you have a priority 
as to how they should move forward? 

General Dailey. Actually, they all need to be corrected. I think 
it is an either/or type thing. You cannot fix just the hydraulic sys- 
tem. It has to be an integrated redesign of that nacelle so that ev- 
erything works together and accommodates the concerns that have 
been expressed by some of the panel members in terms of the oper- 
ating environment within the nacelle. 

Beyond that, in the flight control system and the software that 
goes with that, that needs to be completely revalidated. 

They have the ability to do this. The good news is they have a 
good handle on what the problems are, and because of the fidelity 
of the simulators they have, they can run these programs very ex- 
tensively so they understand, before the contractor test pilots actu- 
ally get into the flight testing mode again, what they are going to 
anticipate with some of these situations. This has not been the case 
in the past. 

We intentionally did not prioritize our recommendations because 
it is a package that we believe has to be accomplished and in a 
phased approach. We laid out what needs to be done before the test 
pilots start flying it again, and then what needs to be done before 
the operational pilots start to fly it, and then what needs to be 
done before it is fielded operationally with a squadron deploying. 

Senator Allard. Does anybody else want to comment on that? 
[No response.] 

Also, one of the panel members — I think it was you, General 
Dailey — had commented that the crash rate was not much more 
than other aircraft. I wonder if perhaps you would elaborate on 
that specifically, in relation to new types of aircraft, not just their 
variations. 

General Dailey. Yes, sir. Actually I believe it was Mr. Augustine 
who said this, so he may want to elaborate. 

Senator Allard. I apologize. 

General Dailey. We tried to run a comparison of similar and dis- 
similar type aircraft to show at this stage of development where 
the V-22 fit. It is difficult because the recordkeeping is different 
today, for example, with the CH-46, which is the airplane this V— 
22 will replace. They did not keep track of accidents back before 
it actually became a production aircraft. All the development acci- 
dents were not listed. The CH-46 had 44 accidents, but the entire 
aft pylon had to be completely reengineered and replaced, similar 
to a rewinging of an airplane. Now, this was back in 1965. We have 
made great strides since then. 

If you took a more modern aircraft like the UH-60, for example, 
which is a very fine helicopter, its accident rate was much less. It 
approaches zero, but again we do not have apples-to-apples com- 
parisons here in terms of what happened. Since then, there have 
been operational accidents with loss of Army personnel. 

It is very difficult to get any kind of a comparison where there 
is no exception to what you are trying to say. We have laid out a 
table within the report. The F— 14 is a complex airplane, in terms 
of the way it operates, with a swing-wing design. There was some 
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concern about that — the F— 14 is the only aircraft that we have 
found that at this stage of development actually had a worse acci- 
dent rate than the V-22 in terms of accidents per flying hour. 

It is because this airplane only has 3,500 flying hours. If you 
take all of the tiltrotor flights of about 5,000 hours, it makes it a 
little better, but still it is the low flight time and with four acci- 
dents total, counting two while it was still in development with the 
contractor and then two operational accidents. 

I know I have wandered around with this, but this is not one 
where we can give you a quantitative “this is it” in where it fits. 
But we believe — and I believe Mr. Augustine said — that this is not 
unlike what we have experienced in our past with other aircraft 
being introduced into the inventory. 

Senator Allard. Mr. Augustine, do you want to elaborate on 
that? 

Mr. Augustine. I might just quote some of the numbers briefly 
that we did gather. We gathered data that are included in our re- 
port on three other aircraft, and we have data on aircraft beyond 
that. The number of mishaps per 100,000 flight hours are, I would 
say, within statistical significance of being quite comparable with 
being the same range. For example, the three other aircraft are 
fixed wing fighters. They have accidents per 100,000 flying hours 
of 79, 50, and 61, and the V-22 is 77. 

Now, as the General said, one has to be careful because there are 
some definitional issues one could question. But based on my own 
experience, I really do not see anything that is totally out of family. 
I think the big difference here is when you have a lot of people fly- 
ing in the back of an airplane that is very immature, the con- 
sequences of accidents are just escalated enormously. 

Senator Allard. Mr. Chairman, I see my time is expired. 

Senator Levin. Thank you, Senator Allard. 

Senator Collins, you are now chairing. 

Senator Collins [presiding]. A frightening thought. [Laughter.] 

Thank you, Senator Levin. 

I will be brief because we do have a vote in progress with very 
little time remaining. 

First, gentlemen, I want to thank you for your very important 
and valuable service as members of The Blue Ribbon Panel. 

Your report makes clear that you found no evidence that the V— 
22 concept is fundamentally flawed, but it seems to me that there 
is considerable evidence that the development and testing process 
was fundamentally flawed. In particular, Mr. Augustine, I was 
struck by your comments this morning that there was not enough 
focus on reliability, maintainability, and safety and that instead, 
the focus was on the capability of the aircraft. That leads me to two 
questions. 

First, did you find specific flaws in the process that caused this 
flawed development? 

Second, and perhaps more troubling, is it likely that these flaws 
in the acquisition process are not just characteristic of the V-22 de- 
velopment, but rather indicative of more systemic flaws that may 
be affecting the development of other new concept weapons sys- 
tems? General or Mr. Augustine, either of you may respond. 
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Mr. Augustine. With regard to your last question, I think there 
are systemic difficulties in the acquisition process that the V-22 
suffered from that are not terribly unique to the V-22. One of them 
does have to do with the issue of reliability and the emphasis 
placed on it, as well as maintainability. 

There was a good deal of testing done — and we should make that 
clear — on reliability and maintainability. We were given a good 
deal of data about it. I think the issue is the extent to which that 
data is used in making decisions, and I think the decisions tend to 
focus perhaps too much on classical performance parameters — I use 
that term reluctantly — but speed, payload, range, and so on, at the 
expense of reliability, maintainability, and safety. Those would be 
the principal concerns that I would cite. 

Senator Collins. Did you find evidence, as some press reports 
have suggested, that data suggesting these problems existed were 
not taken seriously enough, or were discounted in the effort to get 
this aircraft operational? 

Mr. Augustine. No, I would not say that. One does observe — and 
again, I do not think it is unique to this program — a trend over the 
years that testing is becoming a matter of whether you are per- 
mitted to continue with the program, are you permitted to go to the 
next phase, does the program live; whereas, earlier in my career, 
the purpose of testing was to find out what was wrong and fix it. 

Senator Collins. To work out those problems? 

Mr. Augustine. You intentionally tried to break things in a safe 
fashion. Today, in my judgment, there is not enough of that done. 
I think the V-22, as I said, did not do anything terribly different 
from what most programs do. 

Senator Collins. Doctor, did you have something you wanted to 
add to that? 

Dr. Covert. Well, I want to second everything that Mr. Augus- 
tine said. 

I want to also remind everyone of something that we found that 
I believe General Dailey remarked on, and that is that not only 
was a new type of airplane being put into service, but at the same 
time, people were trying to take advantage of advances in informa- 
tion technology. So, instead of a paper handbook, they had some- 
thing that was on a computer, and instead of what we used to call 
a yellow sheet — the pilot comes off the airplane and he writes down 
his complaint — this is information that is being read directly from 
a diagnostic system within the airplane. No attempt as yet seemed 
to have been made — and I emphasize “seemed to have been 
made” — to make these things integral with each other. The new 
code, for example, in the diagnostic system is not consistent with 
the maintenance system. 

The maintenance system does not seem to be organized to favor 
the people trying to maintain it. We watched a sergeant try to get 
a drawing and a part number, and after 60 steps, he was defeated 
by the system. 

I am not arguing that the maintenance and reliability system of 
the V-22 is what it should be, but I think at the same time, the 
people who are trying to maintain the V-22 have done a magnifi- 
cent job working with what I would consider to be a frightfully im- 
mature system itself. 
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Senator Collins. But that is exactly my concern. It sounds like 
we are rushing the process rather than taking the time that is 
needed to resolve these problems, and that part of the impetus for 
rushing the process is the fear that we in Congress or DOD will 
cancel the project if it is not moving along at a very rapid pace. 

Dr. Covert. Well, if I may, ma’am, I think that it is always hard 
for me to judge some of these issues. 

But I do think that it is not always wisest to introduce two or 
three new things all at once on a new program. I think that wheth- 
er that was an act in haste or an act of optimism on the part of 
what the new system was going to do or what it was, I cannot say, 
but I think it is imprudent to introduce all these things at once. 

Senator Collins. Thank you. Do any of you have further com- 
ments you would like to add? Yes, General Davis. 

General Davis. Again, I think Mr. Augustine covered it, but the 
process has changed. When we brought the F-16 on, we lost nine 
aircraft. Those were engineering problems and consequently were 
fixed, and it turned out to be a wonderful airplane not only in the 
United States but everywhere else. The process has changed be- 
cause we have become more critical of the process, and one of the 
reasons we are more critical is because the process costs more 
money. Consequently, as Mr. Augustine said, you test it, you try 
to break it, and then you try to fix it. There is a tendency, possibly, 
to avoid those regimes. 

Now, for instance, the flight envelope was not fully tested, as you 
have heard. It was not required to be tested to get an operational 
evaluation (OPEVAL), but it would have been smart in hindsight 
that we did fully test all the regimes of flight. We should do the 
vortex ring state (VRS) or the high rate of descent testing long be- 
fore we get an OPEVAL. 

Senator Collins. Thank you, Mr. Chairman. 

Chairman Warner [presiding]. Thank you very much, Senator. 
They are holding the vote for you. Worry not. In the opening com- 
ment, General Dailey, I copied down the note that this panel iso- 
lated deficiencies in design. Am I not correct in that? 

Now, were the accidents in your judgment attributed to these de- 
ficiencies in design? I will let each member of the panel answer 
that question because it is key. 

General Dailey. Well, I will start then. The deficiencies in de- 
sign — it is important for us to point out those are routing of cables, 
wire bundles, and this sort of thing, not deficiency in the design of 
the wing elasticity or 

Chairman Warner. I understand that. You isolated certain defi- 
ciencies in the design of this aircraft. 

General Dailey. Yes, sir. They were identified to us. We did not 
actually determine anything that had not already been discovered. 

Chairman Warner. That is the second part of this question. 
Again, the question is were the accidents in any way, in your col- 
lective judgment, attributed to those deficiencies? 

General Dailey. The failures of the hydraulic system and the 
software anomaly were contributing factors to one of the mishaps. 

Chairman Warner. Now, I will go over to Dr. Covert, then 
across. Do you concur with that observation? 

Dr. Covert. Sir, I concur with that observation. 
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Mr. Augustine. One of the things I have learned in my career 
is there is no such thing as a random failure. So, yes, there had 
to be design problems. 

General Davis. I agree, sir. 

Chairman Warner. Now, you said that those deficiencies were 
brought to your attention by the program manager. Your exact lan- 
guage was you “did not uncover any issue not covered by the pro- 
gram manager.” That is what I understood you to say, and Dr. Cov- 
ert, I listened very carefully. You used the words “they were pre- 
viously reported.” 

Dr. Covert. Yes, sir. 

Chairman Warner. Well, we have present here today the pro- 
gram manager, as I understand it, Admiral Enewold. The program 
manager is the one who briefed you, identified the deficiencies. The 
Admiral is, so to speak, the next up in the chain of command hav- 
ing oversight of this program, together with other programs. Am I 
not correct on that, Admiral? 

Admiral Enewold. Correct. 

Chairman Warner. This leads to an inference, maybe a deduc- 
tion that if this knowledge were in the possession of the program 
manager, it was in the possession of the Admiral. It was known, 
presumably, all the way up the chain of command of the Marine 
Corps and the chain of command the Admiral reports to. I just 
make that observation, having been here for 23 years and having 
spent 5 years and 4 months in the Navy Department myself. 

This leads to this observation, which I will give the program 
manager and the Admiral an opportunity at the stand to respond 
to, if they knew about it and dutifully reported it up the chain, why 
did somebody not take corrective actions before the accidents which 
you, General Dailey, said were the causal result of these defi- 
ciencies? Does anybody have any observation about that? Yes. 

Mr. Augustine. Yes, I started to make this comment before to 
lend balance to my earlier remarks. I am glad to have the oppor- 
tunity to respond. 

One of the great advantages that you are so well aware of is that 
our military has is a technological lead, and it is a very perishable 
lead. Semiconductor integrated circuits are kind of the heart of to- 
day’s technology. One generation is 30 months. So, there is a great 
pressure to get technology into the field, and I am sure on those 
commanders, and I felt this when I was in the Pentagon. If there 
is another Desert One, you would probably like to have a V-22. So, 
there is obviously a pressure to go ahead with the program. 

Chairman Warner. I understand that but we have, of course, to 
examine the balance between that pressure, the balance between 
military necessity, and the risks that we subject all those involving 
the operation of the aircraft to. That is the fundamental question. 

Mr. Augustine. Absolutely. 

Chairman Warner. Does anyone else wish to comment on that? 

General Dailey. Sir, may I? 

Chairman Warner. Yes. 

General Dailey. I think it is important that we say that these 
things were known. The software anomaly was not known. That be- 
came known after the mishaps. 

Chairman Warner. I judged that. 
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General Dailey. In the case of, for example, the hydraulic sys- 
tem, there are engineering change proposals that have been under 
development for quite some time, and work was being done. Fund- 
ing was an issue as being able to fund these to get them incor- 
porated, to get them moving through the process by which they had 
to be reviewed. But it was not a case of inactivity that we have de- 
tected. Also perhaps the severity was not recognized at that point. 

As Mr. Augustine pointed out, this aircraft has triple redundancy 
in its hydraulic system. That is unusual for any aircraft. There was 
a level of confidence that the aircraft could survive some fairly sig- 
nificant combat damage or failures of systems. 

We did not find a lack of activity or intent in terms of correcting 
these, but it was just the fact that they had not been incorporated 
and were deemed to be appropriate to proceed. There were no inci- 
dents that we know of where these systems failed and caused near 
misses or that sort of thing. 

Chairman Warner. I understand, but there is still the inference 
out there that a decision was made to continue the test program 
and, indeed, go beyond that and have some operational at the time 
the passengers were killed. Operational is a part of the overall 
OPEVAL. 

The point is, do we still go ahead when there is a convergence 
of knowledge that we have deficiencies, which you have acknowl- 
edged were the cause of at least one accident? Those are judg- 
ments. We are sitting here with the benefit of hindsight. But that 
judgment obviously was made at various levels from the program 
manager up. 

General Dailey. Yes, sir. In fact, you have hit upon a very im- 
portant point here, sir. The aircraft involved in that accident where 
we lost the marines was a production aircraft. It was not a test air- 
craft. The decision had been made that the aircraft had reached an 
adequate design state where it was ready to proceed to production. 
That is a very important point. 

Chairman Warner. I have gone back and I will provide for the 
record a detailed analysis of the various congressional actions 
taken with respect to the funding. At least since 1997, Congress 
has authorized, this committee, and I presume the House, and has 
appropriated funds for the V-22 program at or above the Presi- 
dent’s request. 

[The information referred to follows:] 
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Analysis of Authorizations and Appropriations 
for MV-22 Osprey Aircraft Program from fiscal year 1997 through fiscal year 2001 




Budg Req 

HASC 

SASC 

HAC 

SAC 

Auth Conf 

App Conf 

FY-97 

Procurement 

500.1 

732.9 

730.9 

732.9 

730.9 

620.9 

620.9 


RDT&E 

576.8 

613.8 

596.8 

613.8 

596.8 

576.8 

576.8 

FY-98 

Procurement 

472.0 

786.4 

155.0 

661.3 

627.0 

626.3 

627.0 


RDT&E 

529.5 

529.5 

529.5 

529.5 

529.5 

529.5 

529.5 

FY-99 

Procurement 

610.8 

675.8 

610.8 

696.8 

610.8 

688.8 

610.8 


RDT&E 

355.1 

355.1 

355.1 

355.1 

355.1 

355.1 

355.1 

FY-00 

Procurement 

796.4 

856.4 

919.4 

856.4 

919.4 

919.4 

856.4 


RDT&E 

182.9 

182.9 

182.9 

182.9 

182.9 

182.9 

182.9 

FY-01 

Procurement 

1128.6 

1128.6 

1128.6 

1128.6 

1128.6 

1128.6 

1128.6 


RDT&E 

148.2 

148.2 

148.2 

148.2 

148.2 

148.2 

148.2 


All numbers in millions of dollars 


Chairman Warner. Did you develop any reviews regarding the 
adequacy or the inadequacy of the funding levels for this program 
as contributing causes to these accidents? 

General Dailey. We did, sir. We feel that there are several indi- 
cators that this program has been underfunded throughout the 
years. The most significant indicator is the fact that they have 
been trading aircraft to stay within their funding constraints to op- 
erate the program. They have decided to use actual aircraft as 
maintenance trainers as opposed to buying maintenance training 
devices. There are good and bad points to that. We are not saying 
that is necessarily bad, but it is unusual, and we think it is an in- 
dication of a funding problem. 

[The witness provided the following information to supplement 
the record.] 

The panel found no direct correlation between the mishaps and the lack of fund- 
ing. However, inadequate funding is the predominant reason why design maturity 
was deferred to production. No reserves in development and inadequate reserves for 
engineering changes in low-rate production delayed design maturity. Problems were 
identified and in many cases the fixes were deferred due to lack of funding. 

Chairman Warner. That was also tied to spare parts. I have 
read through all of these records and found where they had to can- 
nibalize and had to ground aircraft, one of them I think for 72 
hours, for the want of a screw no bigger than this. 

General Dailey. That is correct. 

We actually based our recommendations on the Navy Center for 
Cost Analysis estimates that have the spares on the Navy side, the 
marine side, underfunded. In fact, the Air Force was properly fund- 
ed by their estimate. Now, the Air Force operates on a different 
concept. They use detachments which go out with 100 percent 
packup, so they have a higher level of sparing normally. 

But we think that spares are definitely an area that require at- 
tention. Now, this is a difficult problem too because, when you have 
a brand new airplane, you do not know what is going to break on 
it. You have an analysis that says certain things are going to 
break, but until you develop some experience, you may be buying 
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parts that you are never going to use. That has happened in the 
past. So, we have gone to a system of getting experience and then 
properly sparing, and that still could take place. 

Chairman Warner. Let me ask you to readdress the question of 
broken parts. Very often in the case of spares, there is a deter- 
mined life span in which they are operable and then are replaced 
prior to a breakage. I think what you are saying is that in an or- 
derly course of the spares program, there were deficiencies either 
in the adequacy of the procurement or the distribution or the like. 

But my question was really directed at the money needed for de- 
sign, the money needed for research and development, for 
OPEVAL, and so forth. Did you see any severe funding deficiencies 
that could have in any way contributed to these accidents? 

General Dailey. That is difficult. 

Chairman Warner. You can take that for the record and study 
it because this hearing is not trying to determine culpability or 
fault in any final way. But we have to look into whether or not 
Congress did not fund this program adequately and if that was 
brought to the attention of Congress by the executive branch which 
has the initial responsibility to recommend to Congress a level of 
funding. 

My records show that since 1997 Congress met the requests — 
and this is not a political question in any sense — of the administra- 
tion. We have, as the Secretary of Defense during a period of that 
time, Mr. Cohen, who is well-known to this committee and whose 
integrity I would not question for a second. Knowing of his long- 
standing working relationship with the Commandant, I am con- 
fident that there was a review of the funding level either by him 
personally or his senior staff to determine the adequacy of the level 
of funding. 

Does anybody else wish to question on the funding? 

General Davis. Sir, nothing that contributes to the accidents, but 
the program is estimated to be $600 million short of spares over 
the lifetime of the program. There was no reserve fund to take care 
of small engineering things, and the Department of the Navy and 
the Department of Defense obviously were trying to live within the 
program but with some cost growth, which always occurs with your 
long experience, Mr. Chairman. The Navy tried very hard not to 
bust the budget, and that is why they deferred some airplanes to 
later buy. But it was a constrained funding. 

Chairman Warner. I think that is a fair observation, General, 
and you are certainly one who is eminently qualified to make that 
observation and we accept it. 

Mr. Augustine, did you indicate you wanted to contribute? 

Mr. Augustine. I would like to follow your suggestion and pro- 
vide for the record a statement on this. But I would go ahead to 
say that it is clear that the lack of funds and particularly the lack 
of reserves caused cost increases and caused schedule delays. But 
knowing what I know today, I would have a hard time directly cou- 
pling the lack of funding to the accidents. 

Chairman Warner. I appreciate that. 

Senator Inhofe, are you ready to proceed? 

Senator Inhofe. Yes, Mr. Chairman. 
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I became interested in this issue, Mr. Chairman, back in 1987 
when they were talking about it. I happen to have over 40 years 
experience in aviation, so I look at these new technologies when 
they come up, and I look at the needs that are out there. In looking 
at this, I can remember, Mr. Chairman — at that time I was in the 
House. We talked about the commercial application of this, having 
nothing to do with military, the fact that we have more and more 
airports, we have more and more people to serve, more and more 
people are flying, noise requirements and everything else. This ca- 
pability is a totally new technology in terms of application. 

We looked at it and felt at that time some other countries — and 
I do not remember which ones were talking about getting in on the 
initial funding. At that time the big issue was, at least over in the 
House in our Transportation Committee, that we wanted to keep 
control of this. That was one of the motivations in the very begin- 
ning. 

In 1991 I had occasion to emulate Wiley Post’s around-the-world 
flight. I remember coming back from across the Bering Strait into 
Alaska. I went up to Juneau and went into our Coast Guard group 
there, and the Commandant there said, if we can get the V-22 in 
the Coast Guard, virtually every function that we perform, oil spill 
containment, search and rescue, it would replace every vehicle that 
we have. 

I do not know if someone has talked about some of these other 
applications or not because I know you were more confined to just 
the military application, what the marines are going to be doing 
with it. 

If I remember correctly, even going back to the F— 117, there 
were about four or five accidents at that time, and yet we know 
what happened later on, how it performed in the Persian Gulf. I 
can remember when the same questions were being asked about 
the C— 17 and the B-2. 

Did you cover in this report anything really dramatically dif- 
ferent, when you are researching a new platform, a new tech- 
nology, about this than many of the other rather dramatic changes? 

Second, do you not agree that there are going to be accidents in 
any type of a radical change in a technology? 

Number three, if we do not do this, some of the other countries 
who would be doing this might get this technology and put us in 
a disadvantageous position? Any of the above? 

General Dailey. Well, yes, sir. We did not specifically address 
the requirements for other countries or other programs. Actually 
we looked at the program and its status from the performance of 
the stated requirements of the military, and we found that it will 
meet them and it has demonstrated that capability. We did not 
find any inherent flaw in the design of the tiltrotor concept, but 
that there were engineering changes that needed to be incorporated 
to make the aircraft reliable and maintainable for operational use. 

Senator Inhofe. But you have been involved in developing or 
working with the development of other platforms prior to this as 
well. I guess the question is — it is awfully difficult to go through 
this period of time without something like this happening. The one 
that comes to my mind is the 117 because we had several accidents 
that almost killed the program. 



198 


General Dailey. Yes, sir. We had a fairly lengthy discussion on 
this particular issue. We have laid it out to the best of our ability 
in the report, but it is difficult to compare aircraft, particularly one 
that is a hybrid like this one where it is neither an airplane nor 
a helicopter, but both. We found it to not be inconsistent with what 
we have experienced in other aircraft in this development stage. 

Senator Inhofe. Yes, General Davis. 

General Davis. Sir, knowing you are a pilot, you would under- 
stand it, but if there is no CV-22, if the program is canceled, then 
this Congress, this Department of Defense is going to be faced with 
aging aircraft and trying to find more aircraft to do the mission. 

But as the chairman pointed out, this thing is a national asset 
to general aviation, because it is quieter than most of the aircraft 
that we have to fly in. It does not need a runway, if you will, and 
that is probably our biggest problem in aviation today. We do not 
have enough runways. The packing of those runways is just atro- 
cious. There is no known country that is playing with the same 
technology. 

Clearly it is a national asset, but more importantly, it is a na- 
tional asset that can do things with better survivability, like Desert 
One, like Somalia, if necessary, that it can do in one period of dark- 
ness, and we just do not have that capability. Plus, you do not have 
the visibility of lots of tankers, C-5s, taking airplanes apart to do 
this mission. This mission can self-deploy, retrieve whatever you 
want to retrieve, and get back out in one period of darkness. 

Senator Inhofe. I can remember taking the time to fly down to 
Fort Worth in the very early stages of this program. At that time, 
the Japanese had expressed a lot of interest. Is this something that 
is not happening now? 

General Davis. No, sir. They are using a different approach. 
They have not gone to this system at all. 

Senator Inhofe. Lastly, Mr. Chairman, we get around in a lot 
of these CH-46s, and they are getting pretty old. Did you cover 
specifically in there 

Chairman Warner. Excuse me, Senator. You might state for the 
record, because this is a very important question, just what are the 
aging periods for that class of aircraft. The Commandant can add 
further information, but I think you ought to put this in this ques- 
tion. 

Senator Inhofe. Yes. Well, it has been around for 30 years, and 
we know now there are parts problems. Of course, the technology 
is not anything. At the time that we were developing this, though, 
I remember this, Mr. Chairman. I was not here at that time, but 
there were several accidents, quite a few, and quite a few since 
then in the CH-46 that were pretty serious. 

I guess you have stated what we would do in the absence of this. 
What is the alternative to this platform? Keep using the 46s? 

General Dailey. Yes, sir. The Program Analysis and Evaluation 
group in DOD is doing a cost evaluation at this time. We provided 
them with our recommendations and they say that the rec- 
ommendations we have come up with are consistent with what 
they are finding in terms of alternatives, which there are none that 
will actually do the mission. There is a combination of aircraft that 
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could do parts of it, but there is no single aircraft that could meet 
the entire requirement. 

Senator Inhofe. Thank you very much. Thank you, Mr. Chair- 
man. 

Chairman Warner. Thank you very much. 

Senator Levin. 

Senator Levin. Thank you very much, Mr. Chairman. 

I would like to ask you to compare some of your findings with 
the findings of the Director of Operational Testing and Evaluation, 
who until recently was Phil Coyle. It seems to me he has come to 
some different conclusions than you did. I am wondering whether 
you have assessed those conclusions and can explain why you differ 
with him, where there are differences in your report. 

I have not had a chance to see that side-by-side yet. Did you do 
that in your report? 

General Dailey. Yes, sir. We met with him very early in our 
process because we were very interested in what their findings had 
been so that we could pursue them. 

First of all, when they conduct a test, they have very stringent 
requirements as to how they report things and the criteria by 
which they make their judgments, and it is set. 

One of the things that comes out of that is a figure on mean time 
between failure, which is the term that is used. This is the flying 
hours between the time something actually fails. 

The thing is that there is no differentiation between a light bulb 
or an engine failing. So, if you have a single failure, it could have 
been a light bulb that was not required for a daytime flight or an 
engine that failed, but you get the same mark for both. We do not 
believe that those are the most important numbers to concentrate 
on. We think that — and we specifically recommend this — that the 
focus be on mean time between mission abort, in other words, how 
often does the airplane fly when you need it and then how long 
does it take to fix it when it breaks? That was part of our rec- 
ommendation. 

In going back and evaluating the fixes that go into this airplane, 
we think those are the important criteria to use as opposed to some 
of the standard or traditional numbers. I think that Mr. Coyle 
agreed with us in terms of what we were saying as to our approach 
and our recommendations. 

Senator Levin. Let me just explore with you for a few minutes 
some of what I understand to be the differences, and perhaps you 
can clarify them. 

One relates to the downwash problem. Many of the missions that 
this plane is designed to handle depend on landing in unimproved 
areas, carrying external cargo, conducting so-called “fast rope oper- 
ations.” Based on the DOT&E’s evaluation, some of those oper- 
ations could be precluded by the current levels of downwash. Would 
you agree with that? 

General Dailey. “Could be” I think is the operative term there. 
The downwash is a factor. 

Senator Levin. Do you agree that they could be? 

General Dailey. Under some circumstances, yes. 

Senator Levin. Is that something we should live with? I think 
Mr. Augustine said there is a downwash problem. I think it was 
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your testimony. He said it was something we just have to live with. 
Should we live with that “could be,” that we may not be able carry 
out some of the missions intended? 

General Dailey. I think that the other half of that answer is 
there are also capabilities on this airplane that would enable you 
to do things you cannot do with current airplanes in terms of carry- 
ing out the mission. There are situations right now where the 46 
cannot do it. 

But this is a different downwash and it is a different situation. 
In the case of the fast rope, which is one of the examples I believe 
the Senator used, the requirement is to do fast rope on three ropes 
simultaneously. It was found during the testing that coming out of 
the cabin door directly under the rotors was not a good idea, and 
so it was decided not to do it. 

Whether they could put a deflector above the door — whether it 
would be necessary — so, one of the things that we recommended is 
that the users validate these requirements before they start spend- 
ing money to make sure that we can meet them. That is an exam- 
ple. They were able to go simultaneously off the back ramp with 
two. So, is two good enough to do this, or do you want to spend 
more money and get three? That is what we meant by the revalida- 
tion of the requirements. 

Now, the landing in unimproved surfaces, a “brownout” as they 
call it, when you land in the sand or a whiteout in the snow, exists 
for any helicopter. It is different for each one because of the 
downwash pattern. This airplane has references for the pilot that 
do not exist in other helicopters in terms of forward-looking 
infrareds and heads-up displays on his windshield that give him 
actually a better capability or potential to carry this off. 

But in any case, when you get into a downwash where you are 
blowing the snow or sand up, you are along for the ride for the last 
few feet, and that is the way you do it. You set it up. You know 
what you are going to do, and then you put it down. There is risk 
because there could be a hole in the ground or a crevice or some- 
thing, and this happens to helicopters. But that is what I meant 
when I said it “could be” a situation where you would have a prob- 
lem. 

Senator Levin. I think it is important that we make an assess- 
ment as to what missions could be affected by things that we now 
believe cannot be corrected so that we can make a judgment on the 
overall plane. It seems to me that the aircraft was designed to 
carry out certain missions, which our current helicopters cannot. 
They are very important missions. I have supported this aircraft. 
On the other hand, if all of the missions that it is designed to 
achieve cannot be or might not be achieved — I agree with you that 
the emphasis should be on what “might not be achievable” — I think 
we should know that so we can make an overall assessment of this 
aircraft. 

I think General Davis wants to speak. 

General Davis. Yes, sir. For instance, they did not do the rope 
ladder insertion because they could not find a ladder that was safe 
to use. They could not use the hoist because a hoist has not been 
designed to use out of the aircraft. So, they have not really failed. 
It is just they have not been tested yet. 
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Senator Levin. But that is not a downwash problem. 

General Davis. Yes, sir. 

Senator Levin. It is a downwash problem if they do not have the 
ladder? 

General Davis. The ladder may go up in the rotors. 

Senator Levin. So, that could be cured by a different ladder. 

General Davis. Yes, sir. 

Senator Levin. Just two other quick questions. The urgency to 
reach the full-scale production level was apparently the reason why 
false reports were filed. I am just wondering if you could tell us 
what shortcuts were made in testing because of that same rush to 
a decision point on full-scale production. What tests should have 
been accomplished that were not, for the same reason that appar- 
ently the false reports were filed, which is that pressure to get to 
full-scale production. 

General Dailey. I am not sure that is the reason why the testing 
was deferred, by the way. It could have been a combination of 
things, affordability, but time certainly was a factor, and also what 
is good enough at this point to take the aircraft to the next step 
because there are follow-on test opportunities. 

I believe that the expansion of the flight envelope — in hindsight 
everyone recognizes that that should have been expanded further, 
and we have specifically recommended that, with a step-by-step ap- 
proach as to how that should be accomplished. 

Senator Levin. What other steps were possibly omitted or short- 
cut because of that time pressure? 

Mr. Augustine. Well, I would just add that this comes in the 
category the chairman cited as a judgment issue. There are things 
in retrospect that are very obvious that one would wish — and I am 
sure the program wishes 

Senator Levin. That is not what I am asking. I am saying where 
time pressure could have been the reason that there was a shortcut 
taken, not just in retrospect, but actually during the events as they 
unfolded. 

Mr. Augustine. It is hard for us to cite that because we were 
not there at the time, but things that one clearly should have done 
was more testing of the vortex ring state, more testing of the oper- 
ational issues you just raised about downwash, dust, fast roping, 
and also just getting more hours of flight for reliability. But at the 
time that the decisions were made, I would have a hard time fault- 
ing any cutting in testing because of time pressure. 

Senator Levin. Thank you. 

Chairman Warner. Senator Nelson has not had his first oppor- 
tunity to ask questions. 

Senator Bill Nelson. Thank you, Mr. Chairman. I will just ask 
a couple of questions and continue to listen to your line of inquiry 
and the answers. 

I would like to ask Mr. Augustine, what was the technological 
reason for why a system like the Harrier was not utilized for this 
kind of aircraft and its mission? 

Mr. Augustine. I would think that probably the driving reason 
would be with the sort of payload that one wanted to carry here, 
to use a Harrier concept would be pressing the state of the art. 



202 


Senator Bill Nelson. In other words, you would have too large 
of a load for the thrust of the engines on a Harrier. You needed 
a greater lift capability. Is that what you mean? 

Mr. Augustine. I believe that to be true in the Harrier, in the 
JSF, where you have a much smaller payload to be carried. It is 
a lot more feasible to do that with a pure jet. It would just be ter- 
ribly inefficient, I think, to try to do that with today’s kinds of jet 
engines. 

Senator Bill Nelson. Now, given what you know about the de- 
velopment of systems where we have come to this point with the 
Osprey, what would you have changed in the development of it so 
that we would have a full-up operating system at this point? 

Mr. Augustine. Well, that is a very good and a very difficult 
question. I think the first thing I would have done is, at the begin- 
ning of the program, include enough funding reserves so that we 
could have dealt promptly with problems as they appeared. 

I think probably the second thing I would have done is a lot more 
engineering testing before I got into operational tests. 

It is so easy to say this in retrospect, but I think one has to be 
awfully careful, in general, before one puts a system in production, 
to be sure that the reliability is there. I have seen this many times 
where everything else looks like it is okay, and we will get it in 
production. Then we will fix the reliability problems. 

Another thing that in retrospect one certainly should probably 
not have done is flown that many people in the airplane at the 
time that they were conducting the flights. Again, it was a judg- 
ment. 

Senator Bill Nelson. What kind of developments of systems in 
the past, in your experience, could you point to where we made 
those mistakes and learned from them and corrected them that we 
should have done in the development of this system? 

Mr. Augustine. Well, every development program tends to be 
rather unique in terms of its problems, but there are certain pat- 
terns that prevail. I was citing earlier systems that have proven to 
be successful, going all the way back to the Sidewinder and 
through the Polaris, through the overhead reconnaissance systems, 
to the Apollo precursor missions to the moon and many others you 
could name, F— 117, that had a lot of problems early on, many of 
them for exactly the same kind of reasons we have seen here. I do 
not think we have discovered any new causes of problems, particu- 
larly. Those systems tended to prove to be successful. 

I think the number one lesson I have learned, in trying to man- 
age development projects, is that even the best managed projects 
do get into trouble as they go along. You are pushing the state of 
the art. You are trying to defy the law of gravity. 

I think the biggest mistake we make, assuming the system is 
needed and assuming that it is conceptually feasible, is stopping 
and then starting over with something new, believing that the new 
thing will not have any problems. I think what we have done in 
the past is we have traded problems that we did not know about 
for problems we did know about. My two caveats here are very im- 
portant, though. 
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Senator Bill Nelson. In each one of those systems that you just 
cited, they went on to be successful. Do you think that this one will 
as well? 

Mr. Augustine. That, of course, is a judgment question. I believe 
that if the things we have recommended are done, there is a very 
high probability that this will go on to be a successful system, 
which is not to say that there, sadly, will not be more crashes. 
Again, when one tries to defy the law of gravity, as I have through- 
out my career, unfortunately you lose airplanes. 

Senator Bill Nelson. Thank you, Mr. Chairman. 

Chairman Warner. I thank you, Senator. 

Just one or two wrap-up questions, gentlemen. I am going to ask 
the same question to each of you and see whether or not we can 
obtain some perspective and some judgment on the timeline begin- 
ning here today and when you think we will have enabled all who 
will be involved, from the principal two contractors to others, to re- 
solve these problems and, once again, we should resume produc- 
tion. 

Now, I note that part of your report is that we should continue 
a limited production. Now, that is in the face of the time needed 
to fully analyze the deficiencies and make the corrections. 

We will start with you, Dr. Covert. What is your judgment as to 
that timeline in terms of a year, 2 years, 3, whatever it may be? 
Why do you feel that we should continue the production even 
though we have recognized deficiencies existing at this time? 

Dr. Covert. I think we should continue the production for the 
reasons that General Dailey stated. In terms of a timeline, there 
is no single timeline to look at the individual elements. For exam- 
ple, I suspect the software anomaly 

Chairman Warner. I beg your pardon. I missed a few words. I 
just did not hear them. 

Dr. Covert. I think what I was saying was that different things 
require different periods of time to be corrected. I think the soft- 
ware anomaly probably can be corrected by the fall of this year. I 
think that some of the details, like the wiring harness and what 
kind of tubing to use, probably depends to a certain extent on the 
length of time required to get the engineering change orders devel- 
oped and then to contract the work and to get it done. 

I suppose that optimistically I think it can be done in the neigh- 
borhood of a year and pessimistically I think it could be done in 
perhaps 2 years, depending on how the pieces of the puzzle fall. 

Chairman Warner. General Dailey. 

General Dailey. I agree, sir. I think a very important point, 
though, is at the reduced production rate, that the funding associ- 
ated with those aircraft that are not being produced be devoted to 
the development of the engineering change proposals and the incor- 
poration. Funding is going to be a key feature as to how long it 
takes, but I think it could be done in a year, 2 years at the outside. 

Chairman Warner. You recommend specifically that production 
continue. I presume that is to keep the subcontractor and the con- 
tractors in place, occupied to the best extent we can with a limited 
production. 

General Dailey. That is correct, sir. Because of the demonstrated 
learning curve that they have in place now from the discrepancies 
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found on production aircraft, that is something that would take a 
long time to redevelop. It would take probably a year or so, if we 
were to shut it down and start over again, and you may introduce 
problems we do not even know about now. We think that keeping 
the current workforce is very important. 

Chairman Warner. Your timeline? 

General Dailey. I believe it can be done in a year, with 2 years 
being the outside limit. 

Chairman Warner. Mr. Augustine. May I say I will always re- 
member your statement — I think it is so important in this hear- 
ing — that in your judgment and that of the other panel members, 
nothing to date indicates that this concept of aviation defies the 
laws of nature or the laws of physics and that it is achievable and 
in a safe way at some point in time. 

Mr. Augustine. I believe that to be true. 

Chairman Warner. Fine. 

Now, as to the question on the timeline? 

Mr. Augustine. This again is purely judgment. But I would say, 
given adequate funding, 2 years would probably be about a nomi- 
nal time. It might do it a little faster; it might take longer, but that 
would be my nominal estimate. 

With regard to stopping production — we considered stopping pro- 
duction, but breaking a production line is something that one 
should try awfully hard not to do. Not only does it increase cost, 
but more importantly, I suspect breaking this production line 
would do more to contribute to unreliability than all the things we 
are trying to do to make the machine reliable. 

Chairman Warner. I think that is a very important observation 
because you lose all the skilled workers and their training cycle 
and the like. 

I am making this observation, but if anybody disagrees, do so. 
The deficiencies, assuming they can be technically corrected, can be 
either retrofitted or put in these aircraft at the appropriate time, 
without a disruption to production. Am I correct on that? 

Mr. Augustine. I think that is true. I think also we believe we 
know generally where the deficiencies are and it is probably pos- 
sible to delay those parts of the aircraft and work on other parts. 

Chairman Warner. General Davis, as to the timeline. 

General Davis. Mr. Chairman, it is going to sound like we re- 
hearsed this answer, but we did not. I agree with all the comments, 
especially shutting the production line down. You lose that exper- 
tise. You raise your costs and you are going to rebuild in reliability 
problems that this program does not need. 

Chairman Warner. General Jones in his testimony will be 
touching on the benefits of this type of aeronautical breakthrough, 
far beyond our military deployment. Do each of you concur with the 
thought that our Nation could be on the very cutting edge of new 
types of civilian aircraft if this thing proves out and becomes safe? 
Does anybody want to comment on that? I think it is an important 
part of this record and the decision that has to be made on a go 
or no-go on this program. 

General Davis. Sir, if I might, in answer to Senator Inhofe’s 
question, clearly I think we are ahead on this, and secondarily, I 
see this as not only a great benefit to complete our national mis- 
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sions, but as you stated in your opening statement, it is sort of a 
national asset. Its ability to go into airports without having to use 
a runway will be very beneficial because building runways takes 7 
to 9 years and a lot of money. Consequently, this airplane could ac- 
tually bring in passengers to the terminal and you could actually 
cut down the commuter use of the runways. 

Chairman Warner. Does anyone else wish to comment on that 
question? 

General Dailey. I would like to say, sir, I believe this is break- 
through technology that is important to this country and our fu- 
ture. 

Chairman Warner. Not only the military, but the civilian appli- 
cations. 

General Dailey. Very much so. 

Chairman Warner. With our presumably owning the technology, 
we could have an export item here of significant impact on our bal- 
ance of payments and trade. 

General Dailey. Yes, sir. Particularly when you look at the ori- 
gin of commuter aircraft today, not being produced in this country, 
this is an opportunity for us to provide a capability there. 

Chairman Warner. Dr. Covert. 

Dr. Covert. I concur. 

Senator Bill Nelson. Mr. Chairman? 

Chairman Warner. Yes. 

Senator Bill Nelson. May I follow up with a question on that? 
Help this new member to understand a concept. Is the technology 
such that if this system is successful you could even make larger 
systems for commuter aircraft? Is that what you are saying? 

Chairman Warner. I remember this program throughout my 
many years on this committee, and that was one of the fundamen- 
tal issues when this program was first brought to our attention. I 
say to my colleague that there is a long history in our country of 
the initial costs of aircraft development being borne by the United 
States military and very quickly the civilian community transitions 
with that aircraft to civilian uses. I know that was the case with 
our transport aircraft at the end of World War II, and I am sure 
that these gentlemen could give you other clear examples of how 
we have transitioned from the military adaptation, operational and 
proven technology, right into the civilian use of this aircraft. That 
is correct. I remember — I am sure you also do, colleague, how we 
were told in the beginning, a decade or so ago, that it could ex- 
trapolate this technology to accommodate a civilian aircraft and a 
number of passengers, larger than the military load. 

Senator Levin. 

Senator Levin. Just one more question, Mr. Chairman, regarding 
this timeline. That will depend on how extensive the changes need 
to be and how extensive the testing is I assume. Is that correct? 

General Dailey. Yes, sir. 

Senator Levin. Again, the Director of Operational Test and Eval- 
uation, until recently Phil Coyle, said this relative to the vortex 
ring state condition: The problem “cannot be remedied by minor de- 
sign changes.” Do you disagree with that? 

General Dailey. No, sir. I think that is correct. 
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Senator Levin. Even with changes which are not minor, you still 
believe that kind of a timeline can be met? 

General Dailey. Yes, because you will avoid the vortex ring state 
parameters. 

Senator Levin. You believe the hydraulics failures can be cor- 
rected in such a way that we are not going to get back into an un- 
acceptable weight condition within that same time frame? 

Dr. Covert. Mr. Senator, I think that is correct. 

But I would like to make one other comment, if I may, on the 
vortex ring state. Every airplane has a flight envelope in which it 
is possible to have safe flight and that you can fly outside the enve- 
lope, you are inviting disaster. I think as the flight testing proceeds 
and the vortex ring state borders are well defined, we will find that 
we can operate this airplane safely within an envelope and accom- 
plish the missions as desired in a much more favorable way. 

Senator Levin. I just have one other request. If this is not al- 
ready in your report, if you could give us a side-by-side comparison 
of any findings of the OT&E Director that are different from yours, 
if you could pull them out of your report, pull them out of his find- 
ings, and then give us your assessment of the differences, that 
would be helpful. It may already be in your report. I have not had 
a chance to read it. 

General Dailey. It is not specifically, no, sir. 

Senator Levin. I think that would be useful, just in one place, 
to have those differences. 

[The information follows:] 

The Panel to Review the V-22 Program recommendations are consistent with the 
findings of the Director, Operational Test and Evaluation (DOT&E) report and brief- 
ing to us. In fact, the Acting Director stated that position in the House Armed Serv- 
ices Committee hearing. DOT&E is in substantial agreement with the findings and 
conclusions of the panel. DOT&E places somewhat greater significance on the dif- 
ficulties related to reliability failure and autorotation than does the panel report. 

The appendix for the Joint Operational Requirements document includes the dif- 
fering respective positions of the Program Manager and DOT&E on downwash and 
reliability and maintainability. Additionally, one of our recommendations was to 
have the Navy Operational Test and Evaluation Force and DOT&E consider the use 
of standard risk indices (similar to those used by the Naval Air Systems Command) 
to aid decisionmakers in assessing risk. 

Senator Levin. I would just ask to go off the record just for one 
second. [Pause.] 

Chairman Warner. Gentlemen, is there any other testimony re- 
garding the entirety of our proceeding today about which you wish 
to make some comment before we go to our next panel? 

General Dailey. If I could, sir, just say that we were very much 
impressed with the openness with which everyone provided infor- 
mation to us throughout this review and genuine interest in identi- 
fying the problems and getting on with solving them. 

I would also, if I may, publicly thank the members of this panel. 
This has been one of the finest groups I have ever had the privilege 
to be associated with. 

Chairman Warner. I certainly join in that. I had intended to ex- 
press my heartfelt appreciation just as a citizen of this country and 
most specifically as a Senator for your public service. It has been 
tremendous, and I think it has been extremely helpful to all parties 
involved in this. So, I thank you. 

Senator Inhofe. 
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Senator Inhofe. One question for the record. There has been leg- 
islation introduced, and I was gone for a little while. I do not know 
if they addressed that or not, but for the record, if you would re- 
spond to your feelings as to what it would cost and your rec- 
ommendation in terms of the Feingold legislation that has been in- 
troduced. 

[The information follows:] 

The panel’s recommendation is to reduce production to a minimum level to pro- 
vide funds for the Design Maturation Phase and to keep the number of aircraft re- 
quiring retrofit to a minimum. The Design Maturation Phase will address defi- 
ciencies identified by the panel. The minimum level is required to maintain the ex- 
isting learning of the labor force and avoid more problems with starting up again. 
The panel does not support the Feingold proposal because it does not free-up suffi- 
cient resources to conduct the Design Maturation Phase efforts in fiscal year 2001. 
The panel can not determine the cost impact of the Feingold proposal because the 
Department is still considering the panel’s recommendation. 

Chairman Warner. Thank you, Senator. 

We will now excuse you and I will make a statement before the 
next witnesses appear. 

Gentlemen, before you take the witness stand, the chair indi- 
cated that he would give the Program Manager, Col. Nolan 
Schmidt, and Adm. Steven Enewold the opportunity to make any 
comments they wish. You may, however, decide that you prefer to 
have the benefit of the Inspector General’s report because it is the 
intention of this committee, shortly after the issuance of that re- 
port, to go into that report with the Inspector General and the tim- 
ing of that sequence may facilitate your testimony. Eventually you 
will have the opportunity to appear before this committee. If you 
desire to do so now, the chair will give you the opportunity; if you 
desire to wait, without any inference to be drawn between your 
election to do it now or later. 

Colonel Schmidt. I would like to speak now, sir. 

Chairman Warner. All right. We will now have Adm. Steven 
Enewold and Col. Nolan Schmidt appear before the committee. Ob- 
viously, you were not aware that this opportunity would be given, 
but I felt, in eliciting certain testimony, that it would be important 
to you, both personally and professionally, to be given this oppor- 
tunity promptly, so the chair elected to do so. You do not have 
statements prepared, but we will proceed and we will proceed in 
the order that perhaps the two of you wish agree on. 

Admiral Enewold. I guess rank has its privileges, sir. 

Chairman Warner. It has, indeed. 

I fully understand your position, but I think the record should 
show exactly what your position is and your area of responsibil- 
ities. 

STATEMENT OF ADM. STEVEN L. ENEWOLD, USN, NAVAL AIR 

SYSTEM COMMAND PROGRAM EXECUTIVE OFFICER FOR AS- 
SAULT AND SPECIAL MISSIONS 

Admiral Enewold. Absolutely. I thank the rest of the Senators 
for having us. 

My name is Steve Enewold. I am the Program Executive Officer 
for Air Antisubmarine Warfare (ASW), Assault and Special Mission 
Aircraft Programs, and the V-22 fits into the portfolio that I over- 
see. 



208 


I want to, for the record, make it clear that I took over this posi- 
tion 2 days after the December mishap. 

Chairman Warner. December tragic accident. 

Admiral Enewold. Yes, sir, the tragic accident. 

Chairman Warner. That is December of? 

Admiral Enewold. 2000, last December. I have been in the posi- 
tion now about 4 months. As such, during the full-rate production 
decision, I was not in my current position, but I did have the oppor- 
tunity to observe the proceedings, if you will, of the Program Exec- 
utive Office and the preparations that went forward to the mile- 
stone for the full-rate production decision meeting. 

I can state for the record that I saw no undue pressure — or any 
pressure, for that matter — on the program to rush to judgment, if 
you will, on the testing or that kind of thing. In fact, I would say 
that the deferral of testing and the waivers that we have talked 
about happened many, many months before the full-rate production 
decision meeting or anything like that was scheduled. It happened, 
I think, before operational testing started. So, the discussion of 
waivers happened long before the milestone decision. 

During the milestone decision brief, I sat along the wall. I was 
not at the table in the decision process. But there was a lengthy 
discussion of the R&M issues that were associated with the V-22. 

Chairman Warner. Identify the acronym “R&M.” 

Admiral Enewold. I am sorry, sir. The reliability and maintain- 
ability (R&M) issues that were identified. 

At the time we had the Operational Test and Evaluation report, 
which classified the aircraft as effective and suitable beyond Low 
Rate Initial Production (LRIP), and the report from the Office of 
the Secretary of Defense Director of Operational Test and Evalua- 
tion, Mr. Coyle, that said it was operationally effective and not 
suitable as tested. The “as tested” piece is a key point for the dis- 
cussion here because the test airplanes had not incorporated some 
of the fixes that had already been designed and were, in fact, being 
incorporated in the production aircraft. 

At that same meeting, we also discussed what I will call the reli- 
ability growth plan, and that is the effort that the program office 
had gone through to identify the engineering changes that had to 
be made to the aircraft and then also talked about when those 
changes would be incorporated on the production line. Colonel 
Schmidt went through that in great detail on how many fixes had 
been identified, completely engineered, and in which lot of aircraft 
they would be incorporated. I will let Colonel Schmidt talk to that. 

Then the last thing I would like to address is the question of why 
we should go forward. I think it really comes down to four areas. 

The complexity of the design fixes that we have seen so far are 
not of the magnitude that they would prohibit retrofit. We do not 
see a great deal of dollar expense incurred by retrofitting the exist- 
ing aircraft that we already have. 

As Dr. Covert said, we have a fair amount of testing and re- 
validation to accomplish, and we think, in order to get back into 
the air, we will have to do that. So, the software will obviously be 
retrofittable, with any changes we make to that. 

Production line preservation is a key issue because we have 
learned a great deal on the production line, and we do not want 
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to lose that. The subvendor base that is supporting the line we be- 
lieve will depart and go somewhere else and support other pro- 
grams if we do not maintain a reliable line to help produce the air- 
plane. 

Last, we do have follow-on testing that is planned to look at both 
the incorporation of the reliability/maintainability fixes, and in the 
development world, to look at the vortex ring state, icing, and some 
of the other issues that were deferred well before the operational 
testing started. 

Those I think are my key points, and I am going to pass it over 
to Colonel Schmidt. 

Chairman Warner. That is very helpful testimony. Thank you, 
Admiral. 

Colonel. 

STATEMENT OF COL. NOLAN SCHMIDT, USMC, V-22 PROGRAM 

MANAGER 

Colonel Schmidt. Yes, sir. 

I wrote down one quote from Mr. Augustine as he was speaking. 
He said, “Well-run and managed programs have problems.” 

I would like to speak specifically to the timing of when I knew 
things and decisions that resulted after having known things. 

Chairman Warner. You might tell us exactly when you joined 
the program, maybe something of your background. 

Colonel Schmidt. Yes, sir. I joined the program in the summer 
of 1997, and scheduled removal from the program and the Corps 
would be this summer. June 14th is the scheduled change of com- 
mand. 

I came from out of the Marine Corps’ EA-6B program. I was a 
navigator in the EA-6B program, so I have an electronic warfare 
(EW) background. It was happenstance, in reality, that I ended up 
in this program. I was managing EW programs for naval aviation 
in the 1997 time frame when my predecessor was getting ready to 
depart. Because of the fact that the Marine Corps sometimes has 
somewhat of a dearth of program managers, we looked across the 
board where we could get a program manager for the program at 
that time, and that is how I ended up in the program. 

I do not have a rotary background, and I have had to rely upon 
a number of folks from around the Marine Corps and the Navy and 
the Air Force to give me that expertise which I did not have. I did 
have a number of years in program management experience. 

Last week I went to VMMT-204 Squadron, which is the training 
squadron down in New River. The Commandant was there earlier 
in the month. I went last week to basically tell them exactly what 
I knew when. 

If you go back to the two questions, sir, that you asked of the 
committee, if you were told those things, then how come the chain 
did not know? I reported to the committee in late January of this 
year, of 2001. I reported to The Blue Ribbon Panel, and we spent 
8 hours in one day basically running through the program. We 
gave them 8 hours of information in late January of 2001. 

That was a month-and-a-half, if not 2 months, after the accident. 
Certainly I did not have an accident report. However, given what 
had happened in that accident, we had specifics. We basically knew 
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the primary things that had caused that accident, one of which was 
the flight software program problem, and one of which was hydrau- 
lics. Of course, we reported to the committee those problems. How- 
ever, I did not know those specific problems until after the acci- 
dent. 

Flight control software — I do not think anybody has any question 
that we did not know that issue until after the accident. We are 
going in and we are doing some real in-depth analysis. We are 
bringing folks in from the Massachusetts Institute of Technology 
(MIT). We are bringing folks in from the National Aeronautics and 
Space Administration (NASA) to help us, Boeing, British Aerospace 
(BAE), to work through those software problems and do a much 
stronger flesh-out of those anomalies that were spoken to by The 
Blue Ribbon Panel, partly under their direction. That is an effort 
that will take on the order of 6 months and continue flesh-out over 
the life of the program. Any flight control software — we do not stop 
fleshing it out at the end of development. We continue to mature 
that flight control software over time. That will continue. 

The other one is the hydraulics. The hydraulics is somewhat 
more, I would say, problematic. What did you know when? When 
do you have enough information to make a decision to stop every- 
thing? That is the question that is really being asked. 

We knew we had quality problems. There are several people who 
have spoken to production quality issues, why we need to keep the 
production line going, because folks on that line do certain things. 
They learn them over time. They do them better when they learn 
a problem and it gets identified, and then they do it better the next 
time. We knew we had quality problems. 

In March of 2000, prior to the first accident, but completely unre- 
lated to the first accident, I might say, I went to the companies, 
Bell and Boeing, and I said, we are identifying too many problems 
coming out of the production line going forward in these airplanes. 
We need to get our hands around those quality issues. I said, I can 
do it from the Government’s viewpoint or you can do it. Which do 
you want to do? They said, we would like to take that one on. So, 
in March they started that effort between Bell and Boeing. 

By the time we got to July of 2000, we had to down an airplane. 
It was about the third airplane that we had to hold down for a time 
period, and it was specifically related to the interconnect drive 
shaft. It goes from one engine to the other engine, so that if you 
have a problem in one engine, this is the drive shaft that drives 
the rotor on the other side. There are a number of fixtures, inter- 
connections, on that drive shaft that we had to remove from air- 
craft, redo them, and reinstall them. It caused some huge problems 
to the marines down in the VMMT-204 Squadron. It had to be 
done across the test force. At that point, myself and Admiral 
Enewold’s predecessor said we now need to do a total Government 
quality audit of the two contractors. 

But, realize, at that point it is still quality in general. What is 
the specific problem that you are referring to? There were a num- 
ber of different issues. You heard to 35 different inspection things 
on one aircraft, the first aircraft that did not pass as that aircraft 
was accepted. Reduced to four today. A number of issues, some of 
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them hydraulic, some of them electrical, different things that we 
were trying to get our hands around. 

We go forward with the quality audit starting in the July-August 
time frame of 2000. It was basically finished by around November. 
It came out with 50 findings that we said, these are things that 
had to be done to improve the quality of the airplane on the pro- 
duction line. Those were things that we then put in a plan to ad- 
dress each one of those items. We had a metric system put in place 
to start reducing those problems. That was all put in place. 

After the accident, in January, I went to my Assistant Program 
Manager for Logistics. 

Chairman Warner. For a time frame, accident in December 
2000, and now this is January 2001. 

Colonel Schmidt. Yes, sir. Thank you very much. 

In January 2001, I went to my Assistant Program Manager for 
Logistics, now Colonel Loren Eck, then Lieutenant Colonel Loren 
Eck. He was the guy that was looking at, from our point of view, 
airplanes and how well they were being kept up down at New 
River. I said, Loren, go back over your data and show me if you 
could correlate any problems to this specific hydraulic tube. Do you 
see a problem where we had any correlation to this hydraulic tube 
or two hydraulic tubes or three hydraulic tubes? Was there any cor- 
relation, something that we should have found that we did not see 
prior to the accident? 

Loren went back through the data. He said there was no correla- 
tion. The problem was we were finding a little nick here, a little 
nick there, going across the board. It was related in our minds to 
quality overall in the airplane rather than to one specific engineer- 
ing design change. 

So, when we talk about engineering design, we are looking — I am 
jumping now to the future — in a nacelle area, do we need more 
room overall? Do we need to clamp more lines overall? Do we need 
to clamp them in a different way? All those kinds of questions. It 
is a nitnoid engineering not a grand global scale engineering prob- 
lem that we have. 

We were perceiving that as quality. We were not perceiving that 
as a specific hydraulic issue one place or the other. That is the rea- 
son in my mind that I was not clairvoyant enough to cause a stop 
here that would have restrained this terrible tragedy from happen- 
ing. 

Chairman Warner. I thank you. That is very valuable testi- 
mony. 

I want to put in the record — and correct me if for any reason this 
information is inaccurate — the four accidents associated with this 
aircraft. In 1991, a crash due to wires crossed on the computer, no 
fatalities. 1992, crash due to fire, landing at Quantico, seven fatali- 
ties. All that was under the jurisdiction of the contractor. Am I cor- 
rect in that? 

Colonel Schmidt. To the best of my knowledge, yes, sir. 

Chairman Warner. April of 2000, 19 fatalities, the vortex ring 
state problem. December 2000, New River, North Carolina, hydrau- 
lic leaks and software, four fatalities. 

Colonel Schmidt. Yes, sir. 
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Chairman Warner. Now, this is an interesting point that I hope 
you can clarify for me, Colonel Schmidt. What other catastrophic 
hydraulic failures did the V-22 have and were you made aware of 
them? 

Colonel Schmidt. In fact, just in the last 2 weeks, I have been 
made aware of one that occurred during operational evaluation 
(OPEVAL). There may have been another one, but this is one that 
I have been made aware of during OPEVAL. It was a similar fail- 
ure, not the same failure. It did not get reported into any chain 
that went to either the manufacturer or ourselves in the program 
office. 

Chairman Warner. That is what has been brought to my atten- 
tion, that there was another one, and it was not brought to your 
attention. I simply, at this point in time, want to be very careful. 
We are going to go back and construct our understanding of the 
facts as to why that was not brought to your attention, and we will 
give you an opportunity to insert for the record, as we insert our 
findings in the record, any amplification that you have. 

Colonel Schmidt. Yes, sir. 

Chairman Warner. I thank both of you. 

Senator Levin. 

Senator Levin. I think it is important that we give the witnesses 
an opportunity after our Inspector General report to comment on 
it and to come back. 

Chairman Warner. That will be done. 

Senator Levin. On this last point, how is it possible that there 
could be one and possibly two hydraulic failures during that oper- 
ational testing of the V-22 that would not be reported to you? How 
is that possible? 

Colonel Schmidt. This is something I believe that The Blue Rib- 
bon Panel is speaking about. But during OPEVAL, we have put to- 
gether an independent test structure for evaluation. To ensure that 
we have independence, from the point of time that we hand those 
airplanes over to OPEVAL, my communications with that group 
get very limited. Any communication that comes to me at that 
point has to go through Commander, Operational Test and Evalua- 
tion Force (COMOPTEVFOR) and is labeled specifically — I forget 
the label, but it is a message of deviation off the operational eval- 
uation. Therefore, any communique to me is a deviation from the 
norm. 

Engineering is involved during operational evaluation. But any 
engineer that is involved in support, for instance, doing an engi- 
neering investigation, et cetera, is required to sign a document that 
says that, under penalty of jail, he will not divulge that informa- 
tion to me, to the program office. We have a series of engineers 
that may be supporting in some fashion, but they cannot open up 
that information back to the program office. 

A specific area that we had of constraint during this operational 
evaluation was R&M, reliability and maintainability. We had, I 
thought, an agreement that reliability problems that came up dur- 
ing operational evaluation would be reported back to us so we could 
start our engineering fixes to those problems earlier. Those were 
not reported to us during operational evaluation for the specific 
reason that we cannot report those issues to the program manager. 
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Senator Levin. Again, when did you first learn of them? 

Colonel Schmidt. OK, let me take the question right there. Two 
years prior to operational evaluation, I predicted that we would not 
pass our threshold for the 1.4 hours mean time between failure. I 
predicted that; our office predicted that 2 years early. 

Going into the OTRR — that is operational test readiness re- 
view — we predicted that we thought we would have around 1.0 
hours mean time between failure. The threshold was 1.4. We said 
we are not going to pass this area. That was one of the areas of 
waiver. It was a specific waiver where we asked that it be tested 
during operational evaluation, that we evaluate the reliability of 
the airplane because we knew that was an issue that we were not 
going to pass. But we also knew that there were other areas in the 
reliability area that the airplane would pass, and we felt, therefore, 
overall the airplane would be effective and suitable. It would be 
suitable overall. 

But we knew that mean time between failure was not going to 
pass. We knew that 2 years prior to operational evaluation. Just 
looking at the growth curve that we had at that time for the things 
that we were installing into the airplane to improve reliability, 
they were not going to make that 1.4 threshold. 

That 1.4 threshold, by the way, is rather what I would call 
sporty. The standard today in the CH-46 is around .80 hours. In 
the CH-53 community, it is a little bit lower than that, about .7, 
.6 hours. I do not know those numbers exactly, but they are well 
under the 1.4 threshold that we have on the V-22 program. It was 
something that we were really having to stretch. 

We now have a plan in place to reach that 1.4 hours, and the 
definition of it now is not mean time between failure. It is mean 
flight hours between failure, which is a tougher threshold than 
mean time between failure. We have a plan in place. We have al- 
ready incorporated nearly 100 fixes in this airplane to improve reli- 
ability. We have approximately another 60 or so to go to get to that 
1.4 hours, but a plan is in place to get there — delivered aircraft — 
in late fall of 2003. 

Chairman Warner. Let me interject just one fact. 

Senator Levin. The answer to my question. 

Chairman Warner. You go ahead. 

Colonel Schmidt. I thought I had, but give me the question 
again, sir. I missed it. 

Senator Levin. The question is when did you first learn about 
those two hydraulic failures? 

Colonel Schmidt. The two hydraulic failures from which ones? 

Senator Levin. The operational test and evaluation folks. You 
said there were one or two failures that were not reported to you 
during that time. You gave us the reason why. They are not al- 
lowed to communicate with you except with a specific waiver. My 
question was, when did you first learn about it? 

Colonel Schmidt. I am sorry. Approximately a week and a half 
ago, sir. 

Senator Levin. This is important information, is it not? It relates 
to safety. You are the program manager. You are in the position 
to fix a problem, and you are saying that those one or two failures 
were not reported to you until a few weeks ago? 
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Colonel Schmidt. Yes, sir. 

Senator Levin. Well, there is something wrong there. 

Colonel Schmidt. I would agree, sir. 

Senator Levin. I have to tell you something. I do not know how 
program decisions can be made without the program manager 
knowing about these kinds of problems. I would say that the wall 
that was supposed to be there between the operational testing and 
evaluation folks and our program manager, it seems to me, is a 
wall that is aimed at keeping them independent from you. But that 
is no reason why information that they obtain that relates to safety 
should not be transmitted to you. There is a mechanism by which 
to do that. You say they have to get a sign-off by somebody, but 
it seems to me clearly that should have happened. Do you agree 
with that? 

Colonel Schmidt. Yes, sir. 

Senator Levin. One other point. 

Chairman Warner. I was reluctant to bring this point up, but 
I felt it important, since I had you here, I just wanted to put in 
the record, which will be helpful for the discussion, that this mal- 
function occurred in February of 2000. So, it was months before the 
two accidents. Am I not correct in that? That is what our document 
shows. 

Colonel Schmidt. I can figure this out. It was on the flight from 
ferrying the last aircraft from Patuxent River to the west coast to 
start the second phase of OPEVAL. It would have been late Janu- 
ary/early February time frame. I do not know exactly the date. 

Chairman Warner. Our records show that. That is why I am 
very cautious to put our findings into the record. We will give the 
other side, who are not present today, the opportunity to contribute 
to this committee and to this record what they knew about it. We 
will clarify, the best we can, the position of one side of the Marine 
Corps not talking to the other because, as Senator Levin and I 
point out, this is a serious problem in our judgment. But there may 
be an answer to it. In fairness to many, we must hear both sides 
before we render any final judgments. 

Senator Levin. My last question. The time pressure to get to full 
production. Would you agree that early in this program, as long as 
you were there, there was pressure to get to full-scale production 
in this program? 

Colonel Schmidt. No more than is normal for any program. 

Senator Levin. Just a normal amount of time pressure in your 
judgment. 

Colonel Schmidt. Yes, sir. 

Chairman Warner. Thank you, Senator. 

You have joined us, Senator Reed. We had not anticipated we 
would put these two gentlemen up, and I made the judgment it 
would be helpful to the hearing. Do you have any questions at this 
point? 

Senator Reed. Mr. Chairman, no. 

Chairman Warner. If not, we will go to the Commandant. 

Senator Reed. I think that is appropriate. 

Chairman Warner. We thank both of you. We will soon be com- 
municating with you with regard to our understanding of that 2000 
incident. Thank you very much. That was very helpful testimony. 
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We will now receive testimony from the Commandant of the Ma- 
rine Corps, General Jones, and General Holland. 

General Jones, we are ready when you are, sir, and we thank 
you for your patience. But I think it was very important that we 
thoroughly and carefully review the testimony of the previous 
panel, and I am sure you agree with me. 

Any statement that either of you have in writing will be admit- 
ted in its entirety into the record. Proceed as you wish. 

STATEMENT OF GEN. JAMES L. JONES, JR., USMC, COM- 
MANDANT, U.S. MARINE CORPS; ACCOMPANIED BY MAJOR 

KARSTAN HECKL, ASSISTANT OPERATIONS OFFICER, VMMT- 

204; AND STAFF SERGEANT THOMAS FOWLER, CREW CHIEF, 

VMMT-204 

General JONES. Thank you, Mr. Chairman. With the chair’s in- 
dulgence, I would like to proceed with just a very brief opening 
statement by way of summary. 

Mr. Chairman and members of the committee, I deeply appre- 
ciate the opportunity to appear before you today to present testi- 
mony concerning the V-22 Osprey. 

You have received testimony from the independent panel con- 
vened by the former Secretary of Defense, William Cohen, and we 
are all grateful for the diligent efforts by these distinguished ex- 
perts. 

I might pause and introduce two people to you whose opinion and 
expertise is also to the point. I would like to ask Major Karstan 
Heckl and Staff Sergeant Thomas Fowler, seated behind me, to just 
stand up to be acknowledged. Major Heckl is the Assistant Oper- 
ations Officer of the VMMT-204 Squadron, an experienced Osprey 
pilot, and Staff Sergeant Thomas Fowler is a crew chief. In addi- 
tion to the observations of the distinguished panel of experts, I 
think it was also very useful to have two people who actually fly 
and work on these machines to be here to take in this testimony. 
If the chair would like to call them for any questions, they are cer- 
tainly available and free to provide 

Chairman Warner. General, I thank you for bringing these two 
outstanding individuals here so that they can report back firsthand 
to their colleagues their understanding of the testimony given not 
only by this panel, but our distinguished commandant. 

General Jones. Thank you, sir. 

All these findings and recommendations help us all to under- 
stand both the promise of tiltrotor technology, as well as the pru- 
dent path we must now follow in order to be able to fully harvest 
its potential both for the future of our joint military capability, as 
well as that of our industrial base. 

As the report has only just recently been obtained, we are still 
in the process of evaluating the best way to implement its many 
fine recommendations. As we complete this task, we will rec- 
ommend to the Secretary of Defense a revised plan for the future 
of the program, and we will keep you and members of this commit- 
tee fully informed as to the proposed corrective plan. 

Our new direction should be event driven vice timeline driven in 
order to ensure that the necessary remedies are fully implemented 
one step at a time. 
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Chairman Warner. General, I think we should also put in at 
this point in your testimony that we anticipate the Inspector Gen- 
eral’s report. Estimates I have received are approximately 2 weeks. 
Thereafter, I presume you will be making your recommendations to 
the Secretary of Defense. 

General Jones. Correct, sir. 

The history of the V-22 program is particularly well known to 
this committee. A summary of it is contained in my prepared re- 
marks. In the interest of brevity, I would like to just make the fol- 
lowing observations. 

This has been an extremely difficult period of time for those of 
us privileged to wear the marine uniform. The two most recent ac- 
cidents of the V-22 have caused enormous grief for the marines 
and their families. Daily we mourn the tragic loss of our comrades 
and we reach out to their loved ones in any way we can. We will 
continue to do so forever. 

Oftentimes from such tragedies, though, comes learning. It is in 
such lessons that we can and must find the solutions that will en- 
able our future warriors to discharge their important responsibil- 
ities to the Nation as safely as possible and with the finest equip- 
ment we can place in their hands. 

But we should never hesitate to walk away from any technology, 
the V-22 included, if it were to be found to be either unsuitable, 
unsafe, or operationally too fragile for it to be placed in the hands 
of our most precious assets, our marines. We love our people, not 
our machines. But we use our machines in order that we might 
safely prevail in our important and frequently dangerous missions. 
It is, therefore, of paramount importance that we should never be 
reluctant to simply do what is right. 

Similarly, no marine would knowingly place any other marine at 
risk in any technology, particularly aviation technology, without 
the full confidence of the many experts, civilian and military alike, 
who have worked so diligently to develop it for our Nation’s war- 
riors to use. This has always been a distinguishing characteristic 
of our Nation in developing technologies on land, at sea, in the air, 
and even in space. This applies to the V-22 Osprey program espe- 
cially. 

With regard to aviation, we know that despite the most modern 
development in production techniques anywhere in the world, risks 
are still omnipresent. Examples of this reality abound. I would just 
like to cite but one that has been previously referred to. 

For years during the development of the F— 117 stealth fighter, 
the program was “protected” by an understandable veil of secrecy. 
This aircraft made its maiden flight nearly 20 years ago on June 
18, 1981. Before the program was declassified in 1988, three of 
these aircraft had crashed. An additional three more crashed before 
1997. Had the program not been invisible to the public eye, it is 
not difficult to imagine the criticism that could have been directed 
its way in the aftermath of such accidents — cost, odd shape, risky 
technology, not ready — the same types of comments that have been 
attributed to the V-22, a very visible program by contrast. Yet, 
what a wonderful and still unique capability the F-117 has given 
the Nation. 



217 


The V-22 has similar promise within its own operational mission 
envelope. It is truly the first step away from the limits of the phys- 
ics of rotary wing technology. 

The work of the panel has answered the three most pressing 
questions with regard to this program. Those questions are: one, is 
tiltrotor technology mature? Specifically, do the laws of physics, as 
we understand them, allow a single airframe to perform the flight 
functions of both the helicopter and a fixed wing aircraft? The 
panel has answered in the affirmative on this issue, at the same 
time eliminating any lingering thoughts that the technology might 
have been a causal factor in any of the four V-22 accidents, which 
I briefly summarize in my prepared testimony. 

Question number two. Is the V-22 program operationally robust 
enough to meet our needs? Associated with this question are issues 
relating to maintenance and reliability, parts availability, program 
funding, and mean time between failures. The panel has found that 
more work needs to be done in this area, and we agree with this 
important finding. In fact, the central question is the focus of the 
panel’s effort. 

Question number three. What is the most efficient and economi- 
cal way to bring this capability into the inventory so that we can 
retire our aging airframes that have reached the end of their serv- 
ice life? This includes the challenge of restructuring the program 
in order to implement the panel’s recommendations. 

As you referred to just a minute ago, Mr. Chairman, we are also 
awaiting the results of the Department of Defense IG with regard 
to possible malfeasance concerning the reporting of V-22 readiness 
data. That report should be forthcoming in the near future. 

Mr. Chairman, I brought with me a variety of letters written by 
representatives of both commercial and military interests, foreign 
and domestic alike, expressing their collective belief in the viability 
of tiltrotor technology and urging our perseverance in this regard. 
I ask that these letters be made a part of the record. 

In addition to their extraordinary military potential, tiltrotors of 
all sizes could play an important role in the transformation of our 
military forces for the 21st century. History shows that our Nation 
has long enjoyed a pioneering role in aviation development, a posi- 
tion of global leadership we want to preserve in this technologically 
oriented 21st century. 

Mr. Chairman, I am very pleased that General Charles Holland, 
our distinguished Commander in Chief (CINC) from the Special 
Operations Command, is here today to offer his views on this issue 
as well. I look forward to responding to your questions. 

[The prepared statement of General Jones follows:] 

Prepared Statement by Gen. James L. Jones, Jr., USMC 

INTRODUCTION 

Chairman Warner, Senator Levin, and distinguished members of this committee, 
thank you for the opportunity to appear before you today to discuss the future of 
the MV-22. The crashes of two Ospreys and loss of 23 marines in the past year have 
painfully illustrated the stark reality that military service and aircraft development, 
even in our modern era of improved technology, are still inherently dangerous pur- 
suits. Marines and their families are our most valued treasures and we are deeply 
saddened by these accidents and the unimaginable grief they have caused. 
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As a result of the most recent mishap on December 11, 2000, we have conducted 
comprehensive external and internal reviews of the program. The Marine Corps 
should pursue the MV-22 only if it proves to be technologically mature, operation- 
ally reliable, and affordable. Safety undergirds each of these areas and transcends 
the entire program. As I have stated on many occasions: in the Corps, we do not 
love machines, we love the people who use machines. That is why when machines 
fail and cause loss of life, it is so very painful for the entire marine family. 

It was over 20 years ago that the Marine Corps began to consider replacement 
options for its aging CH-46E Sea Knight and CH-53D Sea Stallion helicopters. Fol- 
lowing a rigorous evaluation of future mission requirements, tiltrotor technology 
was selected as the best option to achieve future needs for its promise to revolution- 
ize our expeditionary capabilities. Since the early 1980s, various government agen- 
cies and contractors have conducted seven major Cost and Operational Effectiveness 
Analyses. Each analysis validated the merit of tiltrotor technology and concluded 
that the Osprey was potentially more cost and operationally effective than any exist- 
ing alternative. 

Over time, it became apparent that the enormous potential of tiltrotor technology 
would allow the Marine Corps to greatly expand the scope of its combat operations. 
The Osprey would allow the Marine Corps, for the first time, to move away from 
traditional amphibious operations to more advanced, sea-based, expeditionary oper- 
ations. At twice the speed, three times the payload, and five times the range, this 
aircraft significantly improves our operational reach and tactical flexibility. Further- 
more, the Osprey dramatically increases our strategic agility with its capacity to 
self-deploy over 2,100 nautical miles with but one aerial refueling. Finally, tiltrotor 
technology also has great potential for civilian application. 

In requesting that the Secretary of Defense appoint an independent review panel 
to conduct a comprehensive examination of the program, following the 11 December 
mishap, we hoped to obtain the answers to three basic questions: Is tiltrotor tech- 
nology sufficiently mature to meet near-term requirements? Is it robust enough to 
satisfy our rigorous operational standards, including the safety of our personnel? Fi- 
nally, what is the most efficient and economical way to bring the aircraft into our 
inventory? We are grateful to the review panel for its hard work, thoroughness, and 
diligence, and we are pleased that its answer to the three important questions is 
“yes,” with some important caveats. We can now objectively assess the program in 
its entirety and determine the best way ahead. 

THE IMPERATIVE TO REPLACE LEGACY SYSTEMS 

The Marine Corps’ fleet of CH-46E and CH-53D helicopters began their service 
in the mid-1960s. At the end of their 20-year initial projected service life, both 
began experiencing escalating maintenance costs; reduced reliability, availability, 
and maintainability; and significant performance degradation. These challenges are 
even more pronounced today, as the average age of our CH-46E and CH-53D heli- 
copters is over 30 years. These helicopters are old, their production lines are closed, 
parts are scarce, and their maintenance requirements exceed the bounds of reason- 
ableness. They are truly “legacy systems” with numerous current and projected defi- 
ciencies: inadequate payload, range, and speed; and, no self-deployment or aerial re- 
fueling capability. Clearly, a capable replacement aircraft is required and long over- 
due. 

The tiltrotor, vertical/short takeoff and landing (V/STOL) Osprey is designed to 
replace our aging fleet of medium lift helicopters and remedy their deficiencies while 
expanding our mission envelope. The MV-22 incorporates myriad advanced tech- 
nologies: composite materials; fly-by-wire flight controls; digital cockpit; and, a so- 
phisticated airfoil design. The MV-22 can carry 24 combat-equipped marines or an 
11,700 pound single point external load. Its two 38-foot rotor systems and engine/ 
transmission nacelles mounted on each wing tip allow it to operate like a helicopter 
for takeoff and landing. Once airborne, the nacelles rotate forward 90 degrees, con- 
verting the MV-22 into a high speed, high altitude, and fuel-efficient turbo-prop air- 
craft. 

The multi-mission Osprey will join the Advanced Amphibious Assault Vehicle and 
the Landing Craft, Air Cushion as an integral part of the mobility “triad,” and will 
enable the Corps to conduct operations from over-the-horizon and the sea-base. Mis- 
sions for the aircraft include amphibious assault, raid operations, medium cargo lift, 
tactical recovery of aircraft and personnel, fleet logistic support, and special warfare. 
Possessing the attributes needed to fight and win on tomorrow’s battlefields, the 
MV-22 will be the cornerstone of Marine Corps assault support for the first half 
of the 21st century. Most importantly, it will save lives in future conflicts as it al- 
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lows for the movement of troops and supplies farther and faster than ever before 
and with far less vulnerability to opposing forces. 

The Marine Corps is not the only service that will benefit from tiltrotor aircraft. 
The U.S. Special Operations Command has embraced the Osprey as the best solu- 
tion to remedy its own current and projected aircraft deficiencies. Their current in- 
ventory includes a variety of fixed and rotary wing aircraft that lack the self-deploy- 
ment and other high performance capabilities required for special operations. Con- 
sequently, they are developing their own version of the MV-22, the CV-22, which 
is specifically designed to conduct long-range, night and all weather special oper- 
ations. The U.S. Air Force and U.S. Special Operations Command plan to acquire 
50 Ospreys. The U.S. Navy is interested in the Osprey as well, and intends to ac- 
quire 48 of the HV-22 model tailored for combat search and rescue missions, special 
warfare, and fleet logistical support. Finally, some of our allies, notably Great Brit- 
ain, Australia, and Japan, have shown interest in the Osprey. I have provided the 
committee copies of letters I have received from dignitaries of foreign countries ex- 
pressing their interest in utilizing tiltrotor technology in the future. 

The potential of tiltrotor technology transcends the military community. Commer- 
cial aviation has recognized that the civilian use of tiltrotor aircraft has enormous 
potential. Tiltrotor technology could redefine regional air travel and commuting, 
particularly in congested areas of the country like the northeastern seaboard. A 
larger quad-tiltrotor aircraft that carries up to 100 passengers could help reduce air 
traffic delays, congestion, and noise pollution near airports while increasing the ca- 
pacity of existing airports without adding more runways. Clearly, civil tiltrotor ap- 
plications could potentially bring a new dimension to commercial aviation while 
greatly benefiting our industrial base. 

THE DEVELOPMENT OF THE MV-22 

Tiltrotor technology is not new. The MV-22 traces its origins back to 1954, with 
Bell Helicopter’s tiltrotor prototype, the XV-3. In 1956, Boeing developed a tilt-wing 
aircraft, the VZ-2. During the 1960s, Bell and Boeing continued their development 
of tiltrotor technology. In 1973, Bell was awarded a NASA-U.S. Army contract to 
develop two tiltrotors. The result of this contract was the XV-15, first flown in 1977, 
with full conversion 1 occurring 2 years later. In fact, one of the XV-15s is still in 
service. 

The success of the XV-15 led to the Joint Services Advanced Vertical Lift Aircraft 
Program (JVX) in December of 1981. The goal of the program was to meet the needs 
of all four services for a vertical takeoff and landing (VTOL), medium lift, tactical 
transport aircraft. Soon thereafter, the Joint Services Technical Assessment con- 
firmed that tiltrotor technology was the optimal choice to achieve service needs. 

In April 1982, the Bell-Boeing team was formed in order to combine the compa- 
nies’ resources and draw upon their collective strengths. One year later, the Bell- 
Boeing team was selected by the U.S. Navy to be the prime contractor for the JVX. 
The JVX later became the V— 22, which was first flown in 1989. Since then, pre-pro- 
duction versions of the MV-22 have flown 3,324 hours. In the past 2 years alone, 
production model MV-22s have flown 1,869 hours. 

It is a well known fact that military aviation is an oftentimes hazardous under- 
taking. In 1954, the Department of Defense had its highest number of aviation acci- 
dents: 775. In the 1990s, thanks in part to technological advances, the Department 
averaged about 20 aircraft accidents per year. However, the development of new air- 
craft retains inherent risk and, despite our best efforts, the MV-22 is not exempt 
from such risk. In the last 10 years, there have been four Class A mishaps 2 involv- 
ing the MV-22. 

The first mishap occurred on June 11, 1991, when the Bell-Boeing Full Scale De- 
velopment ship #5 crashed as a result of two out of three roll gyros 3 being wired 
incorrectly. Essentially, the aircraft lost control due to reversed roll channel wiring. 
The second mishap occurred on July 20, 1992, as a result of an engine fire that 
spread through one of the nacelles and subjected the pylon-mounted drive shaft 4 to 
high temperature exposure, causing it to fail. Consequently, the remaining good en- 
gine was unable to drive both proprotors and the resulting crash claimed seven 
lives. Tragically, there were 19 fatalities in the third mishap that occurred on April 


1 Full conversion refers to the ability to transition between airplane and helicopter modes dur- 
ing flight. 

2 A Class A mishap is categorized by a loss of life or property damage in excess of one million 
dollars. 

3 A gyroscopic instrument that helps the pilot to control the left and right roll of the aircraft. 

4 This drive shaft allows either of the aircraft’s two engines to drive both proprotors in the 
event that either engine fails. 
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8, 2000. The cause of this accident has been primarily attributed to flying outside 
the flight envelope established for the MV-22 (250 percent above the Naval Air 
Training Operating Procedures Standardization limit). The most recent mishap oc- 
curred December 11, 2000, near New River, North Carolina. A flight control hydrau- 
lic system failure was compounded by a flight control software anomaly, resulting 
in a crash and four fatalities. While acknowledging the tragic consequences of these 
mishaps, it is also important to recognize that they were not the result of any fail- 
ure of tiltrotor technology. 

Following the first three mishaps, problems in design and engineering were iden- 
tified and remedied. After the December mishap, the decision to proceed to full-rate 
production of the aircraft was postponed and three separate investigations, in addi- 
tion to the customary Aircraft Mishap Board Investigation, were conducted to ascer- 
tain the cause of the crash and to determine the future of the MV-22. 

First, at my request, then-Secretary of Defense Cohen appointed a review panel 
to conduct a comprehensive examination of the program emphasizing training, engi- 
neering and design, production and quality control, suitability to satisfy operational 
requirements, performance and safety of flight. I declared at that time that I would 
recommend that the Corps not pursue the MV-22 program, if it became apparent 
that this was not the right thing to do. 

Second, a Judge Advocate General’s Manual (JAGMAN) investigation was con- 
vened to ascertain the facts surrounding the latest mishap. The results of the 
JAGMAN investigation were announced on April 5, 2001. The investigation revealed 
that a main hydraulic line ruptured due to chafing caused by an electrical wire bun- 
dle. As a result, there was an uneven distribution of hydraulic power to the left and 
right swashplate actuators. 5 As noted earlier, this problem was compounded by a 
software anomaly, causing the aircraft to depart controlled flight and crash. 

The final inquiry was requested in January of this year, after a member of the 
Osprey training squadron, Marine Medium Tiltrotor Training Squadron-204 
(VMMT-204), alleged in an anonymous letter that the squadron’s commander had 
encouraged his marines to falsify maintenance records. Upon receipt of that letter 
and the audiotape that accompanied it, I directed the Marine Corps Inspector Gen- 
eral to conduct a comprehensive initial inquiry. Subsequent to that action, based on 
my belief that the gravity of the accusations might invite undue perceptions of com- 
mand influence, and that a full and impartial accounting was essential, I asked that 
the Department of Defense Inspector General assume responsibility for the inves- 
tigation. That investigation is ongoing. 

THE FINDINGS OF THE REVIEW PANEL 

The Marine Corps is grateful for the review panel’s thoroughness and objectivity 
and concurs with its conclusions and recommendations. First and foremost, the re- 
view panel concluded that tiltrotor technology is sound and mature. This finding 
mirrors our own and is consistent with the fact that tiltrotor technology was not 
found to be a factor in any of the four mishaps described earlier. The review panel 
also concluded that the aircraft’s reliability and maintainability must be improved 
through additional engineering, testing, and evaluation. We have also come to this 
conclusion. 

The review panel recommends development of a restructured program that uses 
a phased approach to achieve a return to flight and tactical introduction. Specific 
recommendations cover: minimal sustainable production rate in the near-term; ade- 
quate and stable funding; requirements validation; safety (hardware, software, and 
operations); reliability and maintainability; quality, training, and technical publica- 
tions; and, communications across the program (among operators, contractors, engi- 
neers, etc.). Described later is our plan to implement these recommendations. Fi- 
nally, the review panel concluded that the MV-22 is cost-effective and provides the 
Marine Corps capabilities that cannot be provided by any single helicopter or con- 
ventional aircraft. We agree. 

Although I am pleased with the findings of the review panel and remain fully con- 
fident in the viability of the aircraft, I am deeply concerned by the as yet unresolved 
allegations of malfeasance and suggestions of program instability. The Marine Corps 
will seize upon this opportunity to ensure that we do not compromise our integrity, 
lower our standards, or jeopardize the safety of our marines for any program. The 
resolution of the question of malfeasance, despite its grave importance, cannot occur 
until the Department of Defense Inspector General’s investigation is completed. We 
look forward to a full examination of the investigation’s results, which will aid our 


5 A swashplate actuator is a hydro-mechanical device that helps the pilot control the aircraft. 
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efforts to appropriately address these issues. We are also determined to embrace 
this opportunity to thoroughly evaluate the role we play in program management. 

THE WAY AHEAD 

A detailed plan is in place that will expeditiously implement the review panel’s 
recommendations. The Deputy of the Program Executive Office for Tactical Aviation 
at the Naval Air Systems Command is leading a V-22 Acquisition Working Group 
to develop a restructured MV-22 and CV-22 program that complies with the review 
panel guidance, acquisition policies, and service needs. The goal of the V-22 Acquisi- 
tion Working Group is to deliver to the military services a safe, reliable, and oper- 
ationally effective V-22. 

The options being developed will consider both the time and the funding required 
to efficiently achieve operational capability. This entails completion of both planned 
and additional developmental testing, correction of deficiencies and suitability 
issues, and verification through follow-on operational testing and evaluation. Re- 
structuring of the program will be necessary to accommodate these actions. Partici- 
pants in this process include members from the Program Management Activity; the 
Program Executive Officer for Air, Antisubmarine Warfare, Assault and Special 
Mission Programs of Naval Aviation; Assistant Secretary of the Navy (Research, De- 
velopment, and Acquisition); U.S. Special Operations Command; the U.S. Air Force; 
Headquarters Marine Corps; the Commander, Naval Air Systems Command; and, 
representatives from Bell and Boeing. The group will produce program restructuring 
options for consideration by acquisition officials and will make recommendations on 
how to fund the revised program. 

It will take time to incorporate critical design improvements and we will proceed 
methodically. The current road map to full operations is a five-phased approach 
with specified entrance and exit criteria for each phase. 

• Phase 0: Commence technical assessment and complete thorough flight 
readiness review. 

• Phase 1: Resume testing with Engineering and Manufacturing Develop- 
ment aircraft (both the MV and CV models) and augment with Low Rate 
Initial Production aircraft as necessary. 

• Phase 2: Resume Marine Medium Tiltrotor Training Squadron-204 
(VMMT-204) training operations and production acceptance flights. 

• Phase 3: Stand up a MV-22 operational squadron at New River, North 
Carolina and a CV-22 training squadron at Kirtland Air Force Base in New 
Mexico. 

• Phase 4: Operational deployment/employment of the MV-22 and CV-22. 

The immediate steps include: confirmation of industry willingness to support the 

restructured program; ensuring acquisition road map compatibility with technical 
assessment (development of entrance and exit criteria); finalizing a deficiency ma- 
trix (including reliability and maintainability issues); developing timelines for cor- 
rection; providing cost estimates for correction; developing cost, schedule, and pro- 
duction adjustments; and, finally, obtaining consensus among developmental and 
operational testers. We must also ensure that our training is deliberate and thor- 
ough and that quality assurance is maintained. 

A WISE INVESTMENT 

The MV-22 has been described, by some, as an unsafe aircraft — a flawed hybrid, 
neither a good fixed wing aircraft nor a good helicopter. However, the facts show 
that the MV-22’s safety record compares favorably with the safety records of most 
tactical aircraft in the Department of Defense at a similar time in their program 
life. The principal aircraft the MV-22 will replace, the CH-46 Sea Knight, had 44 
mishaps during its first 5 years of service four decades ago. In the face of such enor- 
mous difficulties, we adjusted our training methods, flight procedures, and mainte- 
nance. We also improved our airframes and avionics. As a result, the CH-46 has 
been in service for 38 years — well beyond its expected service life. 

The MV-22 has weathered nearly two decades of scrutiny. Seven major Cost and 
Operational Effectiveness Analysis studies have confirmed its viability and con- 
cluded that it is more cost-effective than any helicopter or any mix of conventional 
helicopter types. It is, in fact, the only practical alternative that meets the tri-serv- 
ice requirements of the Marine Corps, Air Force, and Navy. Other options offer no 
real advantages in cost savings/avoidance, given the requirement. In fact, other op- 
tions are accurately described as a “step back.” A comparison of the capabilities of 
the MV-22 with those of the aircraft it will replace is illustrative. 

The CH-46E has a crew of three, a payload of 12 combat troops or 4,000 pounds 
(external), a cruise speed of 100 knots, and a combat radius of 75 nautical miles. 
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By comparison, the MV-22 has a crew of three, a payload of 24 combat troops or 
11,700 pounds (single point external), a cruise speed of 250 knots, and a combat ra- 
dius of over 240 nautical miles. Additionally, it is capable of aerial refueling, “high 
speed” externals (10,000 pounds @ 227 knots), and, as figure (1) illustrates, it has 
an exceptionally large area of influence. 

Figure l 
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A thoughtful consideration of current and future threats, as well as the multitude 
of other demands for limited resources, leads me to the conclusion that the capabili- 
ties of the MV-22, which will enhance our national security, continue to justify the 
investment. We must understand that our armed forces help to protect and promote 
our national security through military forward presence operations that enable our 
Nation to project power and influence, and by maintaining the ability to conduct op- 
erations across the spectrum of conflict. Our men and women in uniform will always 
be the foundation for success in these endeavors. However, they will need superior 
equipment and weapons systems to prevail on the complex battlefields of the future. 
This reality requires the Nation to leverage technology to not just do things better, 
but to do things differently. Maintaining our technological edge over future adver- 
saries is fundamental to our success — the MV-22 significantly contributes to this re- 
quirement. 


CONCLUSION 

In the early 1960s, the Apollo program was given the task of landing a man on 
the moon and returning him safely, before the end of that decade. This required 
aeronautical innovations in multi-stage rocketry and a multitude of other techno- 
logical advances. Tragically, three astronauts of Apollo-1 died when a flash fire oc- 
curred in the command module during a launch pad test. Despite that tragedy, and 
with the knowledge that progress is often accompanied by risk, the Apollo program 
steadfastly continued and eventually achieved historic successes that made all 
Americans proud. 

We are all acutely aware of the challenges associated with the MV-22. In the near 
future, we will embrace the recommendations of the review panel and make correc- 
tions where we must to improve both the aircraft and the management of the pro- 
gram. We will ensure that the MV-22 is reliable, operationally suitable, and afford- 
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able — -just as we did 40 years ago with each of the aircraft the Osprey is intended 
to replace. With time, diligence, the close cooperation of our partners in industry, 
and with the support of Congress, we can work through the present challenges con- 
fronting us and achieve the tremendous operational capabilities offered by this re- 
markable aircraft. 

As has always been the case, our actions will be guided by an unyielding commit- 
ment to do what is right for our marines, their families, and our Nation. 

Chairman Warner. Thank you, General. Without objection, 
those letters will be admitted. 

[The letters referred to follow:] 


V-22 Support Letters 

Japan - Mitsui Bussan Aerospace (SAR and replacement for CH- 
47, UH-60) 

Brazil - Lider Taxi Aero (Support BA 609, SAR, Air Medical, 
corporate transport) 

Pakistan - Aerotron Limited (Supports long range capability, 
strategic impact) writes may ALLAH grant you the fortitude to 
succeed in this noble goal 

Bulgaria - Rotas Inti LTD (Air Medical, suitable for mountainous 
terrain and limited airport infrastructure) 

Turkey - Altay (Air Medical, awaiting BA 609, long range and 
speed of V-22) 

Mexico - Sacsa (Air Medical, SAR, saves on infrastructure) 

Rumania - O.V. Aviation (have option for 1 BA 609, saves on 
infrastructure) 

Argentina - La Macarena S.A. (Air Medical, SAR, off shore 
support to oil platforms, speed, range, special operations) 

Greece - Kostas^Karayannis S.A. (business and military potential 
and could possibly change the mobility of the world as we know it) 


USA 


Ron M. Aryel, MD MBA (Air Medical, SAR, off shore, disaster 
relief, scientific support to artic stations) 
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National Guard Association - (strong support for ANG units 
getting V-22 for both military and civil support missions) 

M International Inc. - (future potential of tilt rotor technology) 

John Kelly Consulting Inc. Former Ambassador - (states increased 
mobility V-22 offers will offset deployments bound by fixed and 
vulnerable airfields) 

Dennis Eckenrod, Chief Pilot American Airlines - (FLEW the XV- 
15) a VTOL, VSTOL aircraft would greatly reduce the need for 
runways and provide needed relief to overcrowded hubs, also a 
goal of civil aviation to operate as quietly as possible, the XV - 15 
was surprisingly quiet) j 

D .J. Canty Chairman, Pres, CEO of American Airlines - (V-22 and 
609 may have potential usd with American as well as regional 
carriers that serve as feedefs to major airline hubs. It could be one 
of the solutions to crowded airports, airways and delays. 
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Mitsui Bussan. Aerospace Go., Ltd. 


SHUWA-S HIBA PARK BLDG., A-12F TELEPHONE : (03)3437- 

4-1, SHIBA-KDEN 2-CHOME, FACSIMILE : (03)3437- 

M;iNATO-KU, TOKYO 
105-0011 JAPAN 


February 26, 2001 


General Janies L. Jones 
Commandant 

Headquarters, U,S. Marine Corps 
Pentagon, Room 4E714 
Washington, DC 20380-1775 


Dear General Jones: > 


Sub ject; V- 2 2 for Japaneae programs 

I am writing toijou to express our serious interest in and support to the V-22 program. 

We, Mitsui Bussan Aerospace Co., Ltd., axe a wholly owned subsidiary of Mitsui & Co., 
Ltd. that was established in 1876 and is the largest general trading company in the 
world. Since 1952, Mitsui has been a sales representative and a licensee of Bell 
Helicopter in Japan; we have been very successful in sales and co-production programs 
for both military and civil arena. We think very much of what tiltrotor technology can 
bring to the future of our customers and us. 

Japan Maritime iBelf Defense Force (JMSDF) has shown keen interest in the V-22. 
Because of its VTOL capability and its ability to transport people and equipment for 
long' distance at high speeds, JMSDF has been studying to apply it to SAJR, mission. In 
addition, its replenishment role would be another key point in their consideration. 
New r 13,500-ton class DDH, two of which have been authorized for JFY01-05 Middle 
Term Defense Program, should be a perfect platform that can enjoy a great capability 
of the V-22. In fact, JMSDF has incorporated to procure two aircraft of “New Mine 
Hunting and Transport Helicopter” into the MTDP. The V-22 is one of the candidates. 
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Japan Ground Self Defense Force 
are also our potential customers. 
Brigade in this March. Current 
UH-60JA for medium lift mission 
replacement for the future. Also, 
UH-60J fleets in JASDF’ s inventory. 


JGSDF) and Japan Air Self Defense Force (JASDF) 
JGSDF will reform its 12th Division to Air Mobile 
|plan is to use CH-47JA for heavy lift mission and 
because of inventory. The V-22 is a good fit as a 
the V-22 should be able to share roles of CH-47J and 


Other potential government, custo: 
us to update information of progr; 
the V-22, BA609 and even Eagle 
for BA609 and Eagle Eye is depend 
technology is really the need of Jap: 
wide oceanic territory. 


In conclusion, I would like to empha: 
important for Japan. All at Mits 
situation caused after mishaps of li 


liners include Japan Coast Guard who keeps asking 
ms and products regarding tiltrotor aircraft such as 
lye UAV. Needless to say, our success on business 
ent on the success of the V-22 program. Tiltrotor 
an because of its geographical features and having 


isize that your further commitment to the V-22 is so 
i ui are wishing for the V-22 to overcome the tough 
Uist year.and fly again soon. 


Very truly yours, 


r\ 


Shinji Kawai 
President 
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EDUARDO DE PEREIRA VAZ 
CHIEF EXECUTIVE OFFICER 


March 2 na , 2001. 


General James L. Jones 
Commandant 
Headquarters, U.S. Manne Corps 
Pentagon, Room, 4E714 
Washington, DC 20380-1 775 


Ref.: Tiltrotor Technology) 

Dear General Jones: 

In light of the recent devel 
program, we- would like to 
technology in the Braziliarl 


Lider Taxi Aereo S/A is 
forty three years of an ii 
and military segments. 
Textron, Inc. since 1984 
five years we have comi 
twenty helicopters and s> 
Brazilian aeronautical m; 
development of the V-22 di 


Qf 


The unique capabilities 
landing ability that makes 
use of major airports is 
industry in Brazil. Given ttf 
the BA609 have tremencl< 


LIDER 


’M Mf.il K'O 


LIDER TAXI AEREO S.A. 

AV. SANTA ROSA, 123 - BELO HORIZONTE 
MINAS GERAIS -31270-750 - BRAZIL 
PHONE.: (031) 490-4550 - FAX: (031) 490-4554 
E-mail: cvaz@lidertaxiaerco.cani.br 


ppments that call into question the continuity of the V-22 
|share our testimony regarding the potential of the tiltrotor 
aviation market. 


i leader in the executive aviation industry in Brazil with 
peccable reputation that marks our activities in the civil 
l such capacity we have represented Bell Helicopter 
and Raytheon Aircraft Company since 1995, In the last 
manded a sales record in excess of one hundred and 
ieventy airplanes in Brazil. Our deep knowledge of the 
isirket has led us to follow with great expectation the 
rogram and the tiltrotor technology. 


the tiltrotor technology with its vertical takeoff and 
it possible to transport people at high speeds without the 
set to revolutionize several segments of the aviation 
jeir flexibility and exceptional performance, the V-22 and 
lous sales potential in the civil and military market for 
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L I D E R 


EDUARDO DE PEREIRA VAZ 

CHIEF EXECUTIVE OFFICER 


LI'DER TAXI AEREO S.A. 

AV! SANTA ROSA, 123 - BELO HORIZONTE 
MINAS GERAIS - 31270-750- BRAZIL 
PHONED (031) 490-4550 - FAX: (031) 490-4554 
E-mail: evaz@liderta3iaereo.com.hr 


application in the ofF-shori 
corporate transportation 
have placed three purchasi 
ago. Furthermore, we are 
make the necessary infra^ti 
operational in Brazil in the 


re segment, search and rescue missions, air-medical and 
As an evidence of our firm belief in this technology we 
® orders for the BA 609 with Bell Helicopter three years 
forking with Brazilian aeronautical authorities in order to 
Iructure adjustments to make the VTOL technology fully 
near future. 


Whereas your commitment to the V- 22 program is crucial to the future evolution of 


the tiltrotor technology, we support the strategy chosen by the U.S. Marine Corps, 
hoping that the V-22 program will proceed and make its contribution to the mobility 
needs of people worldwide. 
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AEROTRON (Priyate) LI 

APARTMENT NO. 804, PARK TOWERS. F - 10 


MITED 


TEL: 92-51-2298371/2/3. FAX: 92-31-2238374. Email: 


APL-2 13/2001 
February 22; 2001 


General James L. Jones 
Commandant 
Headquarters, U.S. Marine 
Pentagon, Room 4E714 
Washington, DC 20380-177: 
U. S. A. 


Dear General Jones, 

I have been the Independent 
Pakistan since 1973 and hav< 
during this period. I have ata 
Europe, Africa and Middle Eas 
the Chairman of the Technical 


Since the last three-(3) decade: 
customers such as the Pakisl 
realities of the region. After 
Army Aviation and refined 
helicopter vehicles which cl 
rotor technology with its vi 
transport people and equipmi 
at high speeds (at 2-1/2 tunesl 
be a major strategic advantagi 
which will make that stratfi 
adversaries in the region. 


Tilt Rotor technology will not 
sea land battle scenario but h: 
great growth potential as a s| 
foresee 100 - 200 passenger 
center providing safe routine 
hundreds of milli ons of man ho: 


Presently the Pakistan Army 
based on 30 SA-330L Pumas 


ISLAMABAD, PAKISTAN 
I: aaro^comsatsjiahpk 


Corps 


Representative of Bell Helicopter Textron Inc., USA, for 
'e been selling and servicing the helicopters in Pakistan 
:o been the President of the Regional Advisory Board of 
it as well as a member of the World Advisory Board and 
Operations Committee from 1990 to 1995. 


:s of my career, a large part has been spent with Military 
[tan Army and I am familiar with the military needs and 
the attack helicopter concept was pioneered by the U.S. 
the U.S. Marine Corps in the AH-1 and AH-64 Attack 
hanged the way Armies perform their tasks, the new tilt 
■^rtical take off .and landing capability and its ability to 
over long distances (at 2-1/2 times that of helicopters) 
that of helicopters) without the use of major airports will 
;e and force multiplier for the U.S. and coalition forces 
:gic critical difference for these forces against future 


by 


only have a tremendous strategic impact on any future air 
a wide ranging potential for civil applications and has a 
:hort and medium range air vehicle in the civil market. I 
quad tilt rotors operating from major city centers to city 
cost effective airline type transportation thus saving 
iurs thereby increasing productivity by quantum leaps. 


pas a battalion lift capability to move 600 combat troops 
and 12 Mil MI-17 (HIP). It is limi ted to a radius of 
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operation of 125 nautical milp 
at this combat radius. 15 V- 
radius of operation of 125 n.i 
to a radius of operation of 
strategic lift by 2-1/2 times. 


22 


(n.m.)- lifting 600 combat equipped troops every 2 hours 
!’s could transport 1,500 combat equipped troops to a 
i. every 2 hours or could lift 600 combat equipped troops 
400 n.m. without refueling thus increasing short range 


I am surprised there is an evei 
arisen. The United States will 
by denying this vital and 
strategic implications and is 
give that critical edge to U.S|. 
difference between victory am 


:n a controversy and question about the V-22’s future has 
be doing a dis-service to itself and to the coalition forces 
critical development of technology which has immense 
le only piece of hardware in the 21 st century which would 
and coalition force commanders which could mean the 
id defeat. 


thi 


It is like telling our soldiers arid generals that after having developed the breech lnaitina 


rifle that they are to go back using bows and arrows 


The U.S. Aerospace Industry 
I beseech you to use every 
people, the U.S. Govemmerji 
hardware which has revolutioi 


Please do not esquip the U.S. 
equipment and then expect thl 
successful development of th 
second Gulf war'i.e. Desert 
emerged from the dark night o; 


It was men like you who draftpi 
opposition of lessor men and 
particularly the U.S. Marine 
United States and the free wor] 


May I Allah grant you fortitiu 
thoughts are with you in this er- 


With best regards. 




1WALI MOHAMMAD 
Director 

Aerotron (Private) Limited 




las come a long way in developing the tilt rotor. General, 
ding in your power and ability to convince the American 
t. Congress and Senate to support this vital piece of 
it ized warfare. 


Armed Forces and other coalition forces with obsolete 
.an to fight a modem war with minimum casualties. The 
e U.S. Armed Forces was evident from the results of 
Shield and Desert Storm, where the U.S. Armed Forces 
f the Vietnam War with flying colours. 


d and crafted the hardware and the software against the 
omen to achieve the result of the U.S. Armed Forces and 
Corps in becoming the most effective milit ary arm of the 
d in maintaining peace in a dangerous world. 


de to succeed in this noble goal and our prayers and 
adeavor. 
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ROTS AS INTERNATIONAL LTD 


28 February 2001 

General James L. Jones 
Commandant 

Headquarters, U.S. Marine Corps 
Pentagon, Room 4E714 
Washington, DC 20380 - 1775 


Subject: V-22 Fntnre 

Our company, Eotsas International Ltd is the independent 
representative of Bell Helicopter TEXTRON for the Republic of Bulgaria. 
With sales of six (6) Bell 206 B-3 and one Bell 430 to the Bulgarian Army 
and the Bulgarian Government respectively we are a leader in this market. 
No other western helicopters were sold so far in the country. The people 
here trust Arherican products, technology and innovation. 

After the first conversion from helicopter to airplane mode by XV-3 
on December 17, 1958, the dream of a new generation of aviation specialists 
came true and the Tiltrotoi was borne. 

Every step however from the aviation history was written by the blood 
of the pioneers. 

Speed, service ceiling, capacity and the ability to take off and land 
without runways anywhere make the tiltrotor practical for all types of 
missions. Surveillance, co mman d and control, search and rescue, transport 
of personnel and cargo for long distances. Within these broad tasks are 
dozens of specific applications the tiltrotor can perform better than a fixed- 
wing aircraft or a helicopter. Perhaps none more beneficial than the tiltrotor 
as an EMS transport. 


1606 Sofia, Bulgaria, 30A Pencho Siaveikov Blvd, fl. 1, ap. 2, 
tel. (+359 2) 9531303, tel. & fax. (+359 2) 9532608 
E-mail: rotsas@rtsonline.net 
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We truly believe that the tiltrotor has both military and civil 
applications and great growth potential in our urban world. 


With these applies 
such as ours. The Balks 
modem airport infrastrac 
There is a big interest he 
Forces, Ministry of Healt 


tions, tiltrotor is extremly suitable for countries 
n Penisula with its high moun tains and lack of 
ure is ideally served by the tiltrotor technology, 
e in the V22 among the Air Force, Navy, Special 
. and private operators. 


To this end we appreciate your help to keep the V - 22 project alive 
and bring to mankind a truly needed product. 


Christos Rotsas 
Chairman 


TSOS Sofia, Bulgaria, 30A Pencho Slaveikov Blvd, fl. 1, ap. 2, 
tel. (+359 2) 9531303, tel. & fax. (+359 2) 9532608 
E-mail: rotsas@rtsonline.net 
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Ankara, February 23 2001 


General Janies L Jones 
Commandant 

Headquarters, U.S. Marine Coi 
Pentagon, Room 4E714 
Washington, DC 20380-1775 


Dear General Jones, 

Our Company, Altay, as the representative of some major U.S. Aviation companies such as; 
Lockheed Martin, Bell Helicopter Textron Inc, Raytheon Aircraft Company, has been actively 
involved in Military and Civillian i iviation matters. 

We very closely monitor every development in this dynamic field and also diss eminat e this 
information in the Military and Ci' illian aviation community here in Turkey. 

The tDtrotor technology is not only our but also the number one area of interest of whole 
community. We have already provided detailed information to some military prospects like 
Turkish Navy, Gendarmerie, Turkish Army about V-22. It is a kind of general consensus 
among the military environment in Turkey that the tiltrotor technology with its vertical take of 
and landing capabijity and its ability to transport people and equipment for tong distances at 
high speeds, without the use of m ajor airports will cause considerable changes in military 
operational concepts. 

It has got vast area of civil applications from EMS to transport of people in onr country when 
the long distances taken into consideration . AH our present operators anxiously waiting for 
the certification of model 609 which is the derivative of V-22. 

General Jones, we hpve also beard about the unfortunate accidents that V-22’s were involved 
and extend our condolences. However, as you would appreciate this type of accidents may 
always happens in the aviation area and should not constimte a reason to stop this kind of an 
important project. At this part of the world we believe that this project which is carried out 
under your leadership is not only important for USMC but also to the world. If I may, I like to 
state that your forther co mmi t m e nt to the V-22 is to the fiiture of this very important 
technology evolution. 
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March 12, 2001 


General James I. Jones 
Commandant 

Headquarters, U. S. Marine Corps 
Pentagon. Room 4E714 
Washington, D.C. 20380-1 775 


Dear General Jones, 

1NFOMIN/SACSA has been a major player in the Mexican industry in the last 30 years 
providing aeronautical services to the Government as well as the Private market. 

INFOMIN/SACSA, through its subsidiary SACSA, has several international alliances with 
worldwide leaders such as: 

Bell Helicopter Textron , 

Pratt & Whitney 
Honeywell 
Fairchild Domier 
Offshore logistics 

With these partnerships we are able to offer a wide range of arcraft and products to 
fulfill the requirements of the Mexican market with Top Notch technology, such is the 
case of the tilt rotor aircraft Bet/Agusta 409 and the Bell/Boeing V22. 

For Mexico, these products have specific attractiveness considering the geographical 
conditions of the country and the operational capabiSties of the aircraft, which do not 
require an airport or other major infrastructure to perform. 

We strongly believe these aircraft can revolutionize the way to perform missions like EMS 
and search & rescue. As well as many other applications for the commercial and 
military markets. 

We have been following the media reviews on the V22 technology. And. we consider 
his project of enormous importance for the future of the Aerospace Industry. 



Calle 3 Hangar 22, Aeropuerto Intemadonal da Toluca. 50500 Estado de M&cico, Mexico Tel. (72) 79 26 00 
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To 

General James L. Jones 
Commandant 

Headquarters, U.S. Marine Corps 
Peat agon. Room 4E7 1 4 
Washington, DC 20380-1775 

Bucharest, February 15, 2001 


Dear Sir, 

On behalf of everyone at OV Aviation, a Rom ani an company with the longest 
credentials in international aviation field, representing US and European specialized 
manufacturers for more than 10 years, please accept this letter of support to the V-22 
Program. 

The amazing VTOL capabilities of V-22 make it most suitable for transporting 
people and equipment farther and fester, using little or not at all runway. We truly 
believe that this technology will change the way the world is flying today. 

Of course, we are following with great interest the development of both military and 
commercial applications, and we are excited by the recent information related to 
future models. 

As Romania has few major airports and under-developed general infrastructure, V 22 
and its commercial versions have a great future, once the models are released for 
export. In feet, we are proud one of the Romanian companies providing transport 
services in Romania has taken an option for one BA 609, as recognition of the future 
potential of VTOL aircraft produced by Bell. 

We are aware of your positive attitude towards V 22 program and we fully support 
your further commitment to this program, as a vital step to die future tilt rotor 
technology evolution. 

Yours faithfully, 

O.V AVIATION Ltd. 

Bucharest Qffigp g 

George POPESCU 
Executive Director 


Sptaiut Independents! 7 
BJ.mSc.2, Ap. 33, 
Bucharest, ROMANIA 


Phons:+401 -33 S-A607 7335-1 941 
Fu: +401*335-1989 
MnaSfc ©vavgikappsjo 
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25 de Mayo 4S9 6” Piso (C1002ABI) 

Buenos Aires ■ Republics Aigesstina 

teermtional Tel : (54-1 1) 43 12 5571 LA MACARENA SA. 

Iolemaionai Fax : (54*1 1) 43 1 1 5742 
E-Mail macarena@ineacom,ar 

Buenos Aires, February 20*, 2001 

General James L. Jones 
Commandant 
U.S. Marine Corps 

Dear General Jones: 

Our company has more than 40 years of experience in the aviation business during which we provided 
more lhan 1,650 fixed and rotary wing aircraft, components and maintenance services to the military and 
civil markets of Argentina. We have been proud members of the Bell family for more than 30 years. 

We think that the V-22 is a revolutionary piece of equipment, the first step toward a world of new tiitrotor 
technology. We are very excited about its future, not only because of its unique capabilities, but also 
because we feel it will become an hi dispensable tool in both military and civil applications. This point of 
view h also shared by Argentina’s military and civil authorities and by our customer base in general. We 
have no doubt that tiitrotor technology will change foe aviation picture worldwide in both foe military and 
civil sectors. It will allow missions to be performed outside the range and speed of normal helicopters and 
thereby ensure that many more lives are saved than are possible with current technology. 

In our country, foe military and civil government mission applications of tiitrotor aircraft will include 
among other things search and rescue, interdiction, surveillance, medical supply and equipment 
distribution, food distribution, fire fi ghting, foe identification and evacuation of disaster areas, personnel 
and cargo transport, emergency medical services and special operations. In the commercial world 
Argentine applications of tiitrotor aircraft will include offshore oil support, as well as passenger and cargo 
transportation, to name a few. 

We very much appreciate your continued support of the Y-22 and your attention to this matter. As has 
been stated foe V-22 is very important to the future of tiitrotor aviation which will have positive impacts 
in area far utside of the traditional aviation field. So much is riding on this current situation. 

Please receive our best personal regards. 
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58, KapodistriouAvs. 
GR 14235, Nea Ionia 
Athens • Greeca 
Tel: 68 00 460 -4 
fac 6853522 


General James L. Jones 
Commandant 

Headquarters, U.S. Marine Corps 
Pentagon, Room 4E714 
Washington, DC 20380-1775 


March 6, 2001 


General James L. Jones, 

Our company Kostas Karayannis S.A. has been involved in aviation in Greece for 
over 30 years. We represent in Greece, Boeing, Lockheed Martin and Bell 
Helicopter Textrorf among other businesses. I have followed closely the V22 program 
as it has considerable implications to changing the mobility of the world as we know 
it Although I have read recently of the detractors comments on this technology I 
must say that our company folly supports it. This technology has been worked on for 
over 20 years by Bell Helicopter Textron and Boeing and is at a stage where it has 
become a practical and potent force. 

Being intimately involved in both military transport and passenger transport in Greece 
I can say that .tiltrotor technology will change the way business is done in the foture. 

It will place the United States in a vastly more capable position to move people and 
equipment farther and faster with less .ground set-up required. Greece presently is 
looking to replace their transport helicopter needs and would very much look at this 
technology should it be fielded with the US military. 

Our company and I personally feel that the United States Marine Corp. must stay 
committed to the V-22 and tiltrotor technology to stay on the cutting edge of 
advances. As you know the European Union is currently looking to begin fielding 
their own version of a tiltrotor aircraft. Without the support and commitment of the 
United States Marine Corp. to this program America will lose a great chance at a 
technological lead in a new field of vertical flight. 

I hope that you also can see the potential of such a great technology and continue to 
support the development of this technology within the US Marine Corp. 



7 A. karayannis 
/ C.E.O. 
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on M. Aryel MD MBA 
112 Grape Street 
Philadelphia PA 19127-1420 
215-508-2466 
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March 29, 2001 

General James L. Jones, Commanda it 
United States Marine Corps 
Headquarters 

Washington, D. C. 20380-1775 
Dear General Jones, 

I read with interest your press releas< , dated March 7, 2001, regarding the MV-22 Osprey. 

I am a physician with experience ser dng on Disaster Medical Assistance Teams, as well as an 
amateur aviation historian of sorts. 1 see the MV-22 as the most significant breakthrough in 
general aviation technology since the hovercraft. Like any other technology, it has demonstrated 
a need for thorough testing, evaluatic n and “debugging.” 

I believe the Osprey has tremendous potential for not only military services, but for ambulance 
transport, disaster relief and evacuati m, urban air transport and industrial applications (such as 
off-shore oil rigs andremote duty or scientific stations of the type currently served by ski- 
equipped Hercules aircraft). 

I have the greatest respect for the Ma tines who are involved in flying this aircraft, and for the 
courage of the members of service w ro died as a consequence of accidents. I believe the best 
way to honor them and to serve our c suntry’s interests is to do as you have advocated. I applaud 
your decision to support the program as well as your support of prudent and responsible 
management. 

I sincerely hope that the technical ch< llenges posed by the Osprey are overcome and your new 
training squadron is visited by the sue cess its members have worked and sacrificed hard to 
deserve. 


Sincerely, 



Ron M. Aryel, MD MBA 
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National guard Association of the united states 


One Massachusetts Avenue, Northwest • Washington, D.C. 20001 • (202) 789-0031 • Fax (202) 6S2-93S8 

To: General James Jones 26 July 2000 

Commandant 
U. S. Marine Corps 
HQMC ' 

Washington, D. C. 

Subj: USMC Participation in NGAUS Annual Conference and Exhibition 
Dear General Jones, 

This letter is to extend an invitation to Marine Corps Aviation to participate in our 122 nd 
Annual Conference and Exhibition. The basis for this invitation is the emergence of 
significant interest in the V-22' platform on the part of various state Adjutant Generals for 
the Air National Guard (ANG) units. There is currently a four state Coalition consisting 
of Alaska, California, Minnesota and New York formed with the objective of securing 
CV-22 capability for both military and civil support missions. There is interest in the 
platform in other states and this Coalition may expand over the coming months and years. 

Of particular interest to the present and future members of the ANG V-22 Coalition 
would be information on how the Marine Corps plans to use the V-22 in Combat, Rescue, 

Special Operations, Disaster Relief Civil Support and (in particular) with its CBIRF Unit 
in WMD response missions. A Marine sponsored exhibit at the Conference might 
h i ghlight some of these .applications. In addition, we would assist where ever possible to 
promote break-out sessions during the Conference that would enable Marine Aviators to 
brief interested Guardsman on these topics and the Marine V-22 Program status 
generally. 

We hope that you will consider this invitation favorably and look forward to your 
participation. The appropriate point of contact here at NGAUS for coordination of 
USMC participation would be Mr. Glenn Ross (tel. 202-408-5888). 

Thank you for your consideration. 

Best regards, 

/ Richard C. Alexander 
/ Major General, USA, (Ret.) 

Executive Director 
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General James L. Jones February 23, 2001 

Commander 

Headquarter, U.S. Marines Corp. 

Pentagon, Room 42714 
Washington DC 20380-1775 


Dear General Jones: 

This letter is written in support of the MV-22 Tiltrotor aircraft. As the CEO of a 
long established aviation company, I realize the importance of this aircraft and its 
advanced technology to the fixture mobility of our forces and the defense of our nation. 

We have come too far to abandon this important system. The Tiltrotor future is 
tremendous, utilizing both military and co mm ercial applications. 

The Marines Corp is known and appreciated for its loyalty to its men and 
equipment. I speak for our entire company when I encourage you to stick with the MV-22 
and assure you of our filll support of this position. 


Sincerely 




Richard McConn 
President and CEO 
M International 


1301 Dolley Madison Blvd. (Rte. 123), McLean, Virginia 22101, U.S.A. 
Tel: (703) 448-4400 • FAX (703) 448-4408 
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International Services 


Consulting, Inc. 


2 ! FES MCI 


1808 Overtake Drive, Suite D Conyers, Georgia 30013 



(770) 918-9957 Fax (770) 483-3090 
E-mail: jkellycon@aol.coin 


February 13, 2001 


General James L. Jones, USMC 
Commandant 
Headquarters USMC 
Pentagon, Room 4E714 
Washington DC 20380-1775 

Dear General Jones: 

I write in support of the V-22 tiltrotor aircraft 

As a consultant in the international aerospace arena for the past seven years, I am acutely 
aware of the advanced technology and mobility that the tiltrotor offers. As a thirty-year 
member of the U. S. Foreign Service with the Department of State in combat situations, I 
am aware of the critical need for USMC mobility. 

I was the keynote speaker at a 1999 Air Mobility Symposium at Robins Air Force Base, 
which drew attendees at the flag level from all four services, industry, and government 
In my remarks I spoke of the great potential for tiltrotor aircraft in moving people and 
cargo around the globe. 

The V-22 has attracted justifiable attention as it looses the deployments from fixed and 
vulnerable airfields. The USMC decision to procure the aircraft is a prudent action. 

I urge your continued support and commitment to the V-22. 


Sincerely, 



Ambassador, retired. 
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Date: February 14, 2001 

General James L. Jones Jr. 

Commandant 

Headquarters Marine Corps 
Washington, D.C. 

Dear General Jones: 

The purpose of this letter is to add my voice in support of the V-22 program. I recently 
had the opportunity to fly the XV - 15 Tilt-rotor aircraft, and I must say that it was most 
impressive. When I agreed to fly the aircraft, it was my intent to really put it through its 
paces and I did just that. Even with a somewhat limited helicopter background I found 
the Tilt-rotor easy to fly, particularly in the hover mode, and the handling was very 
intuitive from the perspective of a fixed-wing pilot. This combination of speed, 
maneuverability and quietness make the Tilt-rotor the obvious choice for both civil and 
military use. I have never felt as comfortable in a new aircraft as I felt in this one. 

From a civil perspective, this technology promises to be an answer to a capacity 
constrained industry desperately in need of assistance. A VTOL/STOL aircraft would 
greatly reduce the need for runways and provide much needed relief to our overcrowded 
hubs. For example, today it takes approximately 15 minutes to taxi from the gate to the 
departure end of a runway on a standard fair weather day. The Tilt-rotor would be able to 
operate without using these crowded taxiways and depart immediately. The resultant 
savings in time would enable this aircraft to deliver better point-to-point performance on 
medium stage lengths than its runway-impaired competitors. 

One aspect of the aircraft that surprised me greatly was how quiet it was in the airplane 
mode. It is a goal of civil aviation to operate as quiet an aircraft as possible. The same 
Tilt-rotor technology that allows the V-22 to silently deploy troops would provide an 
operator with the ability to operate in noise sensitive areas with little or no environmental 
impact. 

This aircraft must not be allowed to fall by the wayside. Please consider me an ally in 
what I believe is a fight for the lives of those individuals who will be served by this 
technology. 


Yours truly, 



Captain Dennis B. Eckenrod 


Chief Pilot - DFW 



D, J, Carty 

Chairman, President, and CEO 


February 13, 2001 


Genera! James L. Jones 
Commandant 

Headquarters, U.S. Marines Corps 
Pentagon, Room 4E714 
Washington, DC 20380-1775 

Dear General Jones: 

I have been following with some interest the stories on the V-22 TiltRotor. I wish 
to send my regrets to you and your Marines on the V-22 aircraft accidents this 
past year. While these are indeed tragic events, they are not unique in aviation, 
especially during introduction of new military aircraft. Hopefully, there will not be 
a rush to judgement on the program until all the facts are known and understood. 

As TiltRotor technology of the V-22 and Bell’s 609 gains acceptance with military 
and commercial operators, it also may have potential use with American, as well 
as regional earners that serve as feeders to the major airline hubs. It could be 
one of the solutions to crowded airports, crowded airways, and delays travelers 
face today. 

I wish you the best on this program and your mission. I am grateful for the 



P. o. Box 619616, M.D. 5624, Dallas/Fort Worth Airport, Texas 75261-9616 
Phone:817-967-3500 Fax:817-967-9220 E-mail: don_carty@amrcorp.com 
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Chairman Warner. You point out the pioneering history of the 
United States. I know you are here for testimony regarding these 
tragic losses and the future of this program. But in discussing 
these letters with you in our conversations recently, it is the ex- 
pression by the leaders of the American industrial base that this 
technology is safely achievable and that it will have wide applica- 
tions in the civilian community, frankly, after the armed services 
of the United States prove its capability and safety record. Am I 
correct in my summary of these letters? 

General Jones. That is correct, sir. 

Chairman Warner. Fine. I thank you, General. 

General Holland. 

STATEMENT OF GEN. CHARLES R. HOLLAND, USAE, COM- 
MANDER IN CHIEF, UNITED STATES SPECIAL OPERATIONS 

COMMAND 

General Holland. Mr. Chairman, Senator Levin, distinguished 
members of the committee, I have some brief comments, but I also 
have a written statement for the record, which will be provided. 

I appreciate the opportunity to appear before the committee 
today and provide the special operations perspective on one of our 
future capabilities, the CV-22 tiltrotor aircraft. 

Chairman Warner. I urge you to take a minute, because many 
are following this hearing, to explain in detail the Special Oper- 
ations Command in our overall structure of the military and the 
range of missions that it is capable of performing. 

General Holland. Yes, sir. Probably the best example is the ex- 
ample Senator Roberts alluded to earlier when he talked about 
what happened on 25 April 1980. When we talk about that particu- 
lar mission, it was scheduled for 35 hours from the time that we 
started the execution until it was completed. All of you know what 
happened once we arrived to Desert One. 

Chairman Warner. You may want to describe it. We talked 
about it in our office, and Senator Levin and I worked on the report 
of that — it was the rescue operation. Go ahead. You give the de- 
tails. 

General Holland. Yes, sir. It was the rescue operation in Tehe- 
ran of our American hostages. 

Chairman Warner. The diplomatic personnel. 

General Holland. Yes, sir. We were called upon to put together 
a team of people. At that time we did not have a team that had 
trained together, but they were brought together with the best ex- 
pertise that we had at the time. As we started the mission, we 
found that we had some shortcomings, and those shortcomings ob- 
viously led to the point when Col. Charlie Beckwith, who, by the 
way, will get the Bull Simon’s award at Special Operations Com- 
mand this summer in June 

Chairman Warner. A very extraordinary officer with whom I 
had a great deal of opportunity to visit and interrogate in writing 
the report for this committee. I think he is well deserving of this 
commendation. 

General Holland. Yes, sir. 

As a result of the low level flying, which was at night over water, 
through sandstorms, we did not have the minimum capability that 
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we needed with helicopters at the Desert One site. That is when 
Colonel Beckwith decided to abort the mission. During the abort 
was when we refueled the helicopters to extract from that location 
that the accident occurred. 

I would remind the committee that this entire operation was de- 
signed for 35 hours, which meant that after we refueled the heli- 
copters, if the plan was allowed to proceed, that we would proceed 
to a hide site and then the next night, spending that day in enemy 
territory, we were to go into the embassy. If we had the technology 
available in the CV-22, we could have performed that entire mis- 
sion in 8 hours, which is equivalent to the one period of darkness, 
which would allow us to have the element of surprise. I also think 
it would have been of great significance in our ability to accomplish 
the mission. So, I think that one scenario best portrays what this 
technology can provide. 

As we look into the 21st century and the increased opportunities 
that we have with adversaries around the world, whether it be ter- 
rorism or whether it be weapons of mass destruction, we need in- 
creased technology for our operators to be able to go out and pro- 
ceed with the mission. 

I appreciated the opportunity to hear from The Blue Ribbon 
Panel because, as General Jones and I said, we had only seen the 
draft. I had seen some of the summaries, but to hear them come 
forward with what their concerns were, because for us, to be able 
to accomplish that mission, we are going to have to have a safe air- 
craft. It is going to have to be reliable. It is going to have to be 
maintainable in an austere location where SOF operates around 
the world. 

What I heard from The Blue Ribbon Panel today, I am encour- 
aged that we have an aircraft that, given time to do the testing and 
the training for our pilots in a tested environment, we can get to 
that point where we will have this leading edge technology avail- 
able for our air crews so they can perform their special operations 
missions around the world. 

[The prepared statement of General Holland follows:] 

Prepared Statement by Gen. Charles R. Holland, USAF 
introduction 

Mr. Chairman, distinguished members of the committee, I am pleased to appear 
before you as the Commander of the United States Special Operations Command 
(USSOCOM). I look forward to discussing USSOCOM’s need for and the benefits of 
the CV-22, a key future aviation platform for USSOCOM. The CV-22 represents 
an advanced vertical lift aircraft this Nation can count on to successfully employ 
special operations forces (SOF) when and where needed. 

Since the Desert One tragedy two decades ago, military and civilian leaders have 
consistently advocated two goals: (1) develop a closely integrated joint team of spe- 
cial operators and (2) provide them the best equipment. The CV-22 represents one 
of those “best technological means.” The CV-22 will expand our ability to conduct 
our primary, mandated missions for the Nation — counter-terrorism and counter-pro- 
liferation. It will ensure our ability to perform strategic reconnaissance, direct ac- 
tion, and unconventional warfare operations for the theater CINCs. Finally, it will 
enhance our ability to perform coalition support, humanitarian assistance, and other 
operations around the world. 


REQUIREMENT 

Special operations forces (SOF) have long recognized the need for a high-speed, 
long-range, vertical lift aircraft to conduct precise, low-visibility, penetration mis- 
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sions transporting men and materiel deep into hostile or denied territory during a 
single period of darkness. The new aircraft must be self-deployable, sustainable, and 
capable of operating from any airfield or sea-based platform. The most demanding 
SOF missions require the speed necessary to conduct operations over long distances, 
all terrain, at night, and in adverse weather. Such an aircraft requires a robust and 
upgradeable defensive avionics suite for greater survivability in the face of advanced 
anti-aircraft defenses. This need has been consistently expressed in several docu- 
ments, such as the original Air Force Statement of Need and the subsequent Joint 
Operational Requirements Document. 

The current SOF aircraft inventory consists of modified C-130s and a variety of 
Army and Air Force helicopters which provide tremendous combat capability to the 
warfighting CINCs. However, none of these combine the speed, range, survivability, 
and vertical lift capabilities required to conduct SOF missions. The current C-130 
fleet has the required speed and range, but lacks the ability to land on unprepared 
airfields and landing zones used routinely by helicopters. 

SOF’s existing helicopter fleet is among the most technologically advanced in the 
world, but lacks the speed and unrefueled range necessary to conduct sensitive mis- 
sions deep in enemy territory within one period of darkness, or without the require- 
ment of refueling in hostile or denied areas. 

The CV-22 alone combines combat capabilities needed on the modern battlefield 
with speed and range of fixed-wing aircraft and vertical performance of a helicopter. 
This combination will enable it to fill a niche no other aircraft can approach. In- 
creased SOF mobility in terms of range, speed, survivability, and rapid responsive- 
ness is more critical than ever for meeting difficult operational environments, both 
current and projected. 

Future operations are certain to be more challenging. Forecasts generally indicate 
that the information agility of any potential adversary will require improved denial 
and deception efforts on our part. Potential adversaries may also deny us access to 
operating facilities near their area of operation. These forecasted trends indicate the 
substantial and growing need for an aircraft with a smaller logistics footprint, high- 
er speed, and longer range. A platform that combines these characteristics greatly 
enhances success in tactical surprise against an adversary. In short, we need an air- 
craft that can operate inside an opponent’s decision loop. In a world of high-speed, 
digital communications, the CV-22 can act as a bridge to that future. The 1993 Cost 
and Operational Effectiveness Analysis (COEA) of the Advanced Multi-Mission Lift 
Aircraft (MV-X) said, “the force mix of USSOCOM aircraft that includes the CV- 
22 is the preferred alternative.” 


PROGRAM 

The clear, strong, and compelling need for a new capability led to the current ac- 
quisition program, the SOF variant of the V-22 Osprey. Because of the unique na- 
ture and relatively small budget of USSOCOM, normal aircraft procurement con- 
cepts either leverage other service development efforts or modify an existing plat- 
form provided by that service. 

A joint V-22 program that would meet SOF’s unique requirements was a natural 
evolution with the United States Marine Corps plan to procure tiltrotor technology 
as a replacement for their aging helicopters. The opportunity to “get in on the 
ground floor” of the V-22 development allowed USSOCOM to help shape and craft 
a vehicle central and critical to future capabilities. 

The V-22 program has had technical and operational difficulties inherent in any 
complex engineering effort. Particularly regrettable are the incidents where lives 
have been lost. We all feel a profound sense of loss and deep sympathy for the fam- 
ily members and close friends of those who have directly experienced such tragedy. 

As such, we consider the actions of the Commandant asking the Secretary of De- 
fense to convene an independent review panel- The Blue Ribbon Panel — a thor- 
oughly appropriate action. USSOCOM hosted the panel in our headquarters at 
MacDill Air Force Base, Florida, and has cooperated with their deliberations via 
briefings and technical presentations to ensure their efforts are complete. 

We fully support the Department of the Navy’s “Way Forward” proposal to de- 
velop a revised acquisition strategy addressing all the current major concerns of this 
program. 

I recently had discussions with some of the test pilots presently stationed at Ed- 
wards Air Force Base, California, where the CV-22 developmental testing is ongo- 
ing. While every pilot I spoke to would get back into a V-22 and fly it again, each 
is primarily concerned about sufficient flight-testing and flight-control software ma- 
turity. These issues need to be addressed, and I understand an extensive flight test 
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program and recertification of the software are two major areas of work planned for 
this program. 


CV-22 ENHANCEMENTS 

To meet SOF’s unique mission needs, the CV-22 will have improved navigation, 
communication, mission management, and defensive electronic warfare avionics cou- 
pled with increased fuel capacity and terrain following and terrain avoidance radar. 
Improved navigation will facilitate both the worldwide self-deployability and the 
independent penetration capability of the CV-22. Enhanced communication capacity 
will enable dynamic coordination of operations both across a formation and around 
the globe. Comprehensive mission management equipment will allow instant in- 
cockpit updates to the tactical situational awareness of special operations aircrews. 
Advanced CV-unique defensive avionics, coupled with the MVs ballistic tolerance 
and other capabilities, will be crucial to the survivability required to operate in de- 
nied territory. A layered defensive capability, consisting of reduced probability of de- 
tection, active and passive infrared and radar-guided countermeasures systems, and 
a high ballistic tolerance provides improved survivability. Finally, the CV-22 will 
carry a greater fuel load providing greater range without refueling. 

The CV-22 variant of the V-22 will be specifically tailored to bring the battle to 
an adversary’s back yard. Employing speed, range, and agility, special operators will 
use the CV-22 to strike quickly and effectively when and where least expected. The 
CV-22 enhancements are designed to ensure access, survivability, and mission ac- 
complishment even in the face of hostile opposition, aided in part by a revolutionary 
reduction in acoustic signature while in the fixed-wing mode. 

OPERATIONAL POTENTIAL 

We must keep firmly in mind that the CV-22 will provide future SOF operators 
an entirely new weapon system with different capabilities and capacities. This will 
generate new tactics, techniques, and procedures as well as innovative operational 
and strategic concepts. 

This new technology, and its concurrent and innovative tactics and procedures, 
will transform the current special operations employment paradigm. 

As an example, one of the most frequently made comparisons of the CV-22 is to 
measure its potential for impacting the execution of Operation EAGLE CLAW, the 
American hostage rescue mission into Iran in 1980. As originally planned, Operation 
EAGLE CLAW required 35 hours to execute. The low speed and limited range of 
available helicopters drove this lengthy mission duration and necessitated forward 
landings by C-130 refuelers and H-53 helicopters at unprepared locations. 

In contrast, had CV-22s been available, they could have accomplished the Oper- 
ation EAGLE CLAW mission in 8 hours with a considerably smaller overall force. 
The reduction in exposure time, coupled with a smaller footprint, would have pro- 
vided a higher probability of success. 

A more recent mission comparison that highlights the capability of the CV-22 is 
the Non-Combatant Evacuation (NEO) of U.S. citizens from Liberia in 1996. If nine 
CV-22s rather than nine SOF helicopters were used, the aviation required to con- 
duct the mission would have arrived at the crisis site in 1 day instead of 2, and 
2,000 U.S. citizens would have been evacuated in 4 days rather than the 10 actually 
required. 

Because of its enhanced speed and range, the CV-22 also requires fewer support- 
ing aircraft. CV-22s conducting the Liberia NEO would require only five support/ 
cargo sorties and three tankers, while the helicopters that actually conducted the 
NEO required 14 support/cargo sorties and two MC-130Ps for refueling. 

In summary, using CV-22s for the NEO in Liberia would have resulted in faster 
response times to the crisis area, an overall quicker evacuation of Americans, re- 
quired less supporting aviation, and expended significantly less fuel. Improved per- 
formance in these critical areas results in increased capability for SOF aviation. 

Comparisons to past operations are enlightening and provide interesting data 
points, but future CV-22 operations are what make development and fielding vital 
to special operations. No one can say for certain what specific missions will be re- 
quired, but we have projected numerous approximate scenarios. 

For example, we can reasonably expect there will be some natural and man-made 
disasters requiring rapid delivery and distribution of relief supplies. CV-22s could 
launch rapidly after notification and head toward the stricken area, proceeding to 
a secure, stable staging base (or ship) in the disaster region. Fresh CV-22 crews, 
transported on KC-lOs, could launch relief missions as soon as supplies were 
transloaded from the KC-10 to the CV-22 and the location for delivery determined. 
A CV-22 could easily carry enough Meals Ready-to-Eat (MRE) or Humanitarian 
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Daily Rations (HDR), some 6,270 pounds of food, 500 nautical miles to feed about 
4,000 people. 

There are two driving reasons to use CV-22s in this scenario instead of another 
aircraft or helicopter. The first is the response time afforded by the CV-22. The CV- 
22’s self-deployability not only gets it to the operation more quickly, but also frees 
up other airlift assets to transport supplies rather than aircraft. This increases na- 
tional responsiveness and reduces mission cost. 

The second is the enhanced survivability of the CV-22. Those who object to U.S. 
humanitarian efforts quickly detect our response to a disaster. Then, even the most 
benign mission can become dangerous to our personnel. The CV-22 will have the 
defensive countermeasures suite necessary to operate in an uncertain environment 
with an acceptable margin of safety. There are no survival guarantees, but CV-22 
defenses are planned for some of the toughest challenges. 

Additional future missions supporting our national military strategy may include 
key operations during a large-scale conventional conflict. These missions could range 
from strategic reconnaissance providing “eyes on target for ground truth” to direct 
action against a weapon of mass destruction buried deep in a hardened bunker. To 
get the forces into position for these, or any number of other scenarios, a clandestine 
infiltration may need to be executed. 

Once launched, the CV-22s would fly at low altitude, blacked out for night oper- 
ations, and avoid populated areas to evade radar/visual detection. Using the best 
planning methods and available intelligence information would also reduce exposure 
to enemy radar. Other potential tactics would include launching from multiple loca- 
tions with each location having only a very small force. The ultimate objective is 
to avoid detection completely or to achieve tactical surprise and generate uncer- 
tainty for our adversaries. 

CV-22s can physically perform all of the several hundred potential missions eval- 
uated and enjoy a significantly higher mission survival probability due to informa- 
tion denial, detection avoidance, and self-defense capability. 

AIRCRAFT STATIONING 

USSOCOM plans to place CV-22s in four locations around the globe. Training 
will be based in New Mexico at Kirtland Air Force Base. Kirtland has the support 
infrastructure and a rich history of training superb aviators for special operations. 

Operational CV-22 units will be centered at Hurlburt Field, Florida as part of the 
16th Special Operations Wing and will also join existing SOF units in the Pacific 
and European theaters overseas. These units will become key strategic and asym- 
metric assets available to our Theater CINCs. Linking this total force structure with 
the global strategic airlift/refueling capabilities of U.S. Transportation Command 
will allow special operations to respond within 1 day virtually anywhere in the 
world. 


CONCLUSION 

We look forward to the day when CV-22s are fielded and ready. USSOCOM an- 
ticipates the time when the tiltrotor is in the hands of special operators and main- 
tainers alike, all performing the tasks for which they have trained. 

In the past 20 years, SOF’s requirement for a long-range insertion and extraction 
vertical takeoff and landing (VTOL) aircraft that can operate in hostile or denied 
territory during one period of darkness has not wavered. We support the efforts of 
the Commandant to ensure that these aircraft are safe and reliable. There are in- 
herent risks to any new developing weapon system. Our job is to mitigate and man- 
age that risk each and every day. Daily, we send America’s sons and daughters into 
many situations around the world where we simply cannot guarantee that they will 
be without risk; never does this undermine our moral and professional obligation 
to try, however. In the short- and long-term, the CV-22 represents more than just 
our ability to increase mission capability. Inherently the cornerstone of that im- 
provement is the increased survivability and probability of success for a special op- 
erations mission that would employ tiltrotor technology. As the world has changed, 
so must we. The CV-22 is a capability we need in order to stay on the leading edge 
of change. 

Thank you. 

Chairman Warner. Thank you very much. 

Now, colleagues, we will do a round of questions of 6 minutes for 
those of us present. 
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General Jones, you have an opportunity to review the conclusions 
and recommendations of this panel. We give you now an oppor- 
tunity to express your views and any different perspectives, or dis- 
agreements you may have. Are there any conclusions particularly 
with which you have a question in your own professional judg- 
ment? 

General Jones. Mr. Chairman, I have had an opportunity to not 
only read the panel’s recommendation but assist in the debriefing 
at the departmental level. I have spoken with each member of the 
panel individually. I think that their contribution to resolving the 
issues surrounding this program has been — I do not think we could 
assemble a better panel that is more qualified and more expert in 
their opinions. We accept the findings of the panel in its totality. 

Chairman Warner. Now, General, we isolated as best we could 
the time within which these corrections can be made, and we can 
then proceed, hopefully, if it is the judgment of the President and 
Congress, to continue the program. But given the time of a year to 
2 years before we go to full production — and then that fills in that 
much of a delay in terms of the final delivery of the aircraft the 
Marine Corps needs, and indeed, General Holland, that you re- 
quire. What will you do in the interim period? What equipment will 
you extend the life service, of course, of what you have in inventory 
today? Will you seek any new equipment as a fill-in for that pe- 
riod? What are your proposals? 

General Jones. Sir, we will continue to maintain our systems, 
principally the older version of the CH-53 and the CH-46. 

Chairman Warner. It is important to give the ages because the 
American public does not have the opportunities that we do to deal 
with these facts daily, but I think they would be astonished to 
know how old some of these aircraft are, rotary aircraft in particu- 
lar. I do not know what the average person does, but we turn in 
our cars periodically and get new ones. But we are asking the men 
and women of the United States military, both the Marine Corps 
and the Army and the Air Force and others — indeed, the Coast 
Guard uses this particular aircraft. This is an old, old aircraft. 

General Jones. Yes. As a matter of fact, it predates my service 
in uniform. 

Chairman Warner. Let us give some dates here so they have a 
full appreciation of the need to modernize and to proceed with the 
procurement of new equipment in this area for our military. 

General Jones. The CH-46 aircraft is 31.8 years old today. That 
is one of the aircraft it will replace. The CH-53 Delta is 30.3 years 
old. Within the Marine Corps inventory, and General Holland, of 
course, has a similar problem. 

Chairman Warner. Now, to that age baseline of 30, you have to 
add 5, 6, 7 years, maybe up to a 2 year delay before production is 
resumed at full scale, plus the delivery time in that production 
cycle. That production cycle is spread over a number of years. We 
are looking at pressing 40 years of age by the time this inventory 
is replaced by the V-22, assuming this program goes forward. 

General Jones. Yes, sir. We have had a lot of experience, obvi- 
ously, with maintaining old systems. To get to these years, you de- 
velop some skill. We have made improvements on these aircraft. 
We have re-engined them. We have given them longer range. We 
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have redone the avionics, but essentially the frame is over 30 years 
old. 

Chairman Warner. There are significant costs associated with 
maintaining the older equipment. I want the public to understand 
that. They know how difficult it is to maintain an old automobile. 
Well, this is an example of the military equipment. 

General Jones. We not only have that difficulty, but we also 
have the difficulty with finding parts. The production lines have 
shut down. The parts are harder to find, and many times they have 
to be created at great expense because of such limited demand. But 
we generally have a cost growth of about 8 percent per year with 
maintaining legacy aviation systems. 

Obviously, we would like to get to the replacement that we have 
in mind, but we will continue to do this prudently. If it is within 
the range that the distinguished panel that preceded us postulated, 
we will find the work-arounds to continue to fly our legacy systems 
safely and carefully. It will cost more money. It will be more dif- 
ficult, but within that time frame, Mr. Chairman, I think we can 
get there. 

Chairman Warner. Thank you. 

General Holland, same question to you. 

General Holland. Yes, sir, Mr. Chairman. It is a similar case for 
what we do in Special Operations Command. We have currently 
transferred all of our MH-60Gs, which are the Pave Hawk heli- 
copters, from the Air Force Special Operations Command to the Air 
Force to pick up combat search and rescue missions. We have start- 
ed the drawdown of our MH-53J Pave Low helicopters. However, 
given this decision and given the decision that our Secretary of De- 
fense will make, then we will level off at this point and continue 
our MH-53Js. 

The good thing about our Pave Low helicopters is that we had 
already accomplished a major service life extension not too many 
years ago. The next time that I would have to do a major service 
life extension program would be starting in 2008. We do have some 
time between now and then to work through this issue to ensure 
that we have a safe and reliable airplane to support our special op- 
erations air crews and the teams that we put into the airplane. 

Chairman Warner. Just as a footnote, the same aircraft that 
Colonel Beckwith had 21 years ago this month, you have some up- 
graded models, but it is still the same old chassis. Am I not cor- 
rect? 

General Holland. Yes, sir. 

Chairman Warner. Learning from the experience of our tragic 
intervention of our aircraft by Chinese aircraft and the resulting 
inspection — I use that word lightly — by the Chinese of our assets, 
this committee will address that in due course. But it seems to me 
that is a lesson learned that this same aircraft that you will be op- 
erating, in some instances in some missions, far into territory that 
could be unfriendly, are you watching carefully the built-in mecha- 
nisms of this aircraft to do what destruction may be necessary 
should one of them fall into the hands of people or a nation that 
is antithetical in interest to ours? 
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General Holland. Yes, sir. I think that is definitely something 
that we will take on. I think there are a lot of lessons learned that 
will come out of this. 

Chairman Warner. Take a very hard look at that, General, be- 
cause as you said, in the case of Colonel Beckwith, he was deep 
into Iran at some point. 

Senator Levin. 

Senator Levin. Thank you, Mr. Chairman. 

It seems to me we have at least three issues in front of us. The 
first is the specific questions about the V-22 — its future — what is 
going to be necessary to get it flying right, safely, maintainably, 
and specific questions relating to that, including the cost. 

Second are the process questions about the acquisition system — 
what changes need to be made in the acquisition system, if any, to 
avoid some of the problems which we have already seen? 

The third issue is the accountability question relative to this par- 
ticular acquisition. There may be other questions as well. The ac- 
countability questions, it seems to me, are the ones that are not 
really before us this morning because we will have to wait for other 
reports in order to get into those. 

On the first series of questions, there are a whole host of specific 
questions about the problems with this particular aircraft: what it 
will cost time-wise and dollar-wise to fix them; whether or not it 
is capable of fully carrying out the missions for which it was de- 
signed; or whether there has been some diminution in that as the 
operational test and evaluation people feel. 

We have operational test and evaluation folks saying that some 
of the proposed missions could be either precluded or possibly di- 
minished by the downwash problem. They are not sure how dif- 
ficult it will be to fix the hydraulic system problem. We had an ac- 
knowledgment from our first panel that those changes are not 
minor design changes, either there or with the vortex ring state 
problem. 

We have a number of fixes that are required. We are going to 
have to have some delays, perhaps a year or 2 to carry out those 
repairs. We are going to have the added cost of going to a low-rate 
production or minimum sustaining rate of production, instead of 
full-rate production. There are some significant costs involved here 
as well. 

I think it would be helpful for us for the record, because I do not 
think you could do that in a comprehensive way here now, given 
the time problem, if you could examine the operational test and 
evaluation assessments, go through our panel’s review, tell us what 
you believe the additional costs are going to be through these 
delays or through the fixes, and where you agree or disagree with 
any of the OT&E folks’ points. I am going to leave all of that for 
the record because it is a comprehensive question that I am asking 
you. 

[The information follows:] 

General Jones. First question — what is the status of V-22 and the restructure 
plan? 

Answer: The developmental flight test program is scheduled to resume in April 
2002. The SECDEF will submit a report to Congress 30 days before the before the 
resumption of flight testing. Safety modifications to the aircraft are underway at 
Pax River to support flight tests. 
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The V-22 Block A flight testing program will consist of roughly 1,000 flight test 
hours completed from April 2002 though approximately September 2003. Roughly 
1,500 additional flight test hours are projected in the future for Blocks B and C. 

V-22 has a block upgrade approach for incorporating improvements for safety/reli- 
ability and accessibility. 

Block A - Safety and maintenance mods to the nacelle (enhanced clear- 
ance, improved access, hydraulic line coatings, clamp redesign, etc.) as well 
as structural fastener changes will begin with the last two aircraft of Lot 
5 (fiscal year 2001 procurement). 

Block B - Redesigned nacelle and avionics improvements mods begins 
with Lot 8 (fiscal year 2004 procurement). 

Block C - Mission enhancement mods (cabin redesign, hoist alterations, 
ground collision warning, integrated INS/GPS) begins with Lot 10 (fiscal 
year 2006 procurement). 

$1.32 billion is budgeted to procure 11 MV-22 aircraft, the minimum sustaining 
production rate. 

$600 million is budgeted for engineering development efforts on the MV-22 and 
the CV-22 Block 0 oircroft 

The program office will focus on MV-22 and CV-22 Block 0 through 2003 to en- 
sure the program’s priorities are safely returning to flight and finalizing V-22 de- 
sign changes. 

The second question concerns the process with regards to the acquisition system, 
as to what changes need to be made in the acquisition system, if any, to avoid some 
of the problems which we have already seen. 

Answer: In accordance with the recommendation of the Blue Ribbon Panel to Re- 
view the V-22 Program, the program will establish maximum economic production 
rates and seek multi-year procurements after deficiencies are addressed and a sta- 
ble configuration is reached in order to recover total program cost and schedule. 

The third question concerns accountability relative to this particular acquisition. 

Answer: Following the second of two fatal MV-22 mishaps in 2000, the Defense 
Department suspended all flight activities, including VMMT-204 operations and on- 
going MV-22 and CV-22 development testing. The Department also postponed a 
pending decision on full-rate production until the results of the mishap investigation 
could be developed and understood. The Secretary of Defense, citing the mishaps as 
well as issues that had arisen from the recent operational evaluation (OPEVAL 
Phase I), established an independent review of the program which was designated 
The Panel to Review the V-22 Program (Blue Ribbon Panel). He appointed Gen. 
John R. Dailey, USMC, (Retired), Mr. Norman R. Augustine, Gen. James B. Davis, 
USAF, (Retired), and Dr. Eugene E. Covert to the panel. Their report, submitted 
in April 2001, recommended that the Department proceed with the V-22 Program, 
but that it temporarily reduce production to a minimum sustaining level to provide 
funds and time for a “Development Maturity Phase.” The panel further rec- 
ommended 71 specific and 14 summary changes, improvements and other actions 
to address known safety and programmatic risks, as well as issues dealing with air- 
craft reliability, maintainability, and logistics supportability. 

As a follow-up to the panel report, the Naval Air Systems Command asked the 
National Aeronautics and Space Administration (NASA) to convene a panel of rotor- 
craft aerodynamics and flight control experts to review the aeromechanical aspects 
of the V-22 design as manifested in flight tests and mishap investigation results. 
Dr. Harry McDonald, the Director of NASA’s Ames Research Center, Moffett Field, 
California, chaired the Tiltrotor Aeromechanical Phenomena Assessment Panel. The 
panel concluded that there are no known aeromechanical phenomena that would 
stop the safe and orderly development and deployment of the V-22. They made 17 
“high priority” and 11 “vehicle enhancement” recommendations to address vortex 
ring state, power-off and autorotation issues, and shipboard compatibility defi- 
ciencies, as well as several other flight control and performance matters. 

Concurrent with the two external panel reviews, the V-22 Program conducted 
comprehensive reviews of all system safety and reliability analyses, all program risk 
issues, and deficiencies and commissioned several assessments (including expert 
independent product and process audits of the Flight Control System (FCS) software 
and hydraulic system). Additionally, an engine nacelle “tiger team” (which included 
developers and operators) examined the nacelle to improve overall component lay- 
out. 

Senator Levin. Then there is another issue which has to do with 
the acquisition process. Would you agree, from all you know, that 



253 


there was just routine time pressure to get this aircraft to full-rate 
production? 

General Jones. From all I know, Senator, and with due def- 
erence to the reality that this aircraft has been flying for 11 years, 
we were certainly anxious to be able to provide the replacement 
aircraft for our aging aircraft. But I would draw the line that we 
would either knowingly or intentionally or recklessly accelerate the 
development of a program, thereby placing passengers at risk or 
crews at risk. 

This is a question that I have explored in some depth with the 
chain of command inside the Marine Corps, right down to the 
squadron that our two marines represent here today, to make sure 
that that was not done or not done intentionally or by inference. 
I am satisfied that we tried to bring this program along as safely 
as possible on the timelines and within the funding lines that were 
provided and requested. 

Senator Levin. So from all that you know, you do not believe 
that the amount of pressure to get this program to full-scale pro- 
duction was unusual or inappropriate. 

General Jones. From all I know, but I would also say that I rep- 
resent a force that is used to accomplishing its mission, and people 
are very proud of that record. But I think leaders draw the line at 
crossing over to where the results in doing things put people at 
risk unnecessarily, and I think that line is fairly solid. 

Senator Levin. There is, I think, an unnamed marine officer in 
today’s Washington Post who said, “The problem is we fielded the 
aircraft before it should have been.” Do you agree with that? 

General Jones. I think there are a lot of things, in hindsight 
with the work of the panel, that had we known certain things, we 
probably would have done things differently. But I think the cen- 
tral question relates to the question that you were getting at, Sen- 
ator Warner, and you, Senator Levin, and that is the obvious care 
that we must give to whether our actions contributed to causing an 
accident that resulted in fatalities. I think that is a central ques- 
tion that we should consider. So far, I have not seen that connec- 
tion, but we are looking for it. 

Senator Levin. Last question. Apparently there were two major 
hydraulic failures during the operational testing and evaluation 
never reported to the program manager, apparently even until a 
few weeks ago. This is incredible to me. Is there not something fun- 
damentally flawed about an acquisition system where major hy- 
draulic failures occur and are not reported to the program manager 
until months later after a catastrophic loss, even though those fail- 
ures occurred during the operational test and evaluation stage? 

General Jones. I completely agree with you. For the record, I 
would like to say that I found out about it yesterday afternoon at 
about 1600. 

I have said publicly and privately that I think we should relook 
at our acquisition systems, not just for aircraft, but our systems in 
general and the modalities that govern those systems. The exist- 
ence of firewalls between very important functions that effectively 
deny the transmission of relative information that would be impor- 
tant in the development of a program across those different organi- 
zations has to be looked at. 
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I believe as a service chief that the construct of the laws regard- 
ing acquisitions keeps me outside of the loop too much. I am in- 
volved in the requirements process, but by law there is not a whole 
lot I can do in terms of the acquisition process. It is a very closed 
loop and it has very, very stringent regulations. I feel a little exter- 
nal to the process. 

I have made that known and my colleagues, other service chiefs, 
have made that known to the new administration, Secretary Rums- 
feld and his staff, and they have taken that on, not only that but 
our business reforms and business practices that we are taking a 
look at to make sure that we use the taxpayers’ dollars very wisely. 
But the acquisition system I think should be opened up and re- 
looked at. 

Senator Levin. Just for the record, apparently there is a way 
that an operational testing and evaluation office can make those 
failures known to a program manager. 

General Jones. Exactly. 

Senator Levin. It is not a wall which is impenetrable. It is a wall 
which has to be climbed and, at times, must be climbed if you have 
failures in tests which could affect lives. 

General Jones. Exactly. 

Senator Levin. There is a way that information could go to a pro- 
gram manager. It just has to be signed off on. The wall is there, 
but it is there to be climbed at times and to be penetrated at times. 
I think we have to look into that. 

As our chairman pointed out, I think we have to get all the sides 
of that before we reach any conclusion. I have to tell you, at first 
glance, I find it extraordinary that that could have happened with- 
out the information being passed along to the program manager so 
that the repair could have been made or some steps could have 
been taken to avoid any catastrophic losses. 

Thank you. 

General JONES. If I may just add. What I really am concerned 
about is just the overall ability to communicate across the many 
different factions involved in the acquisition process or the inability 
of some people to be completely — or the process that excludes peo- 
ple that probably should be included in the process. 

Chairman Warner. I was reluctant to bring it up, but I felt that 
it had to be brought out. I join my distinguished colleague, Senator 
Levin, in observing that at this point with this state of facts known 
to us, this is a very serious anomaly in the system. But before we 
render any final judgment, we must give both sides the opportunity 
to come forward. As I stated earlier, Senator Levin’s and my staff, 
working jointly, will be placing into the record eventually our un- 
derstanding of this situation. We will submit it to you for comment, 
and I hope that you will put in the comment and give the other 
side the opportunity to comment on it. Then we will reach judg- 
ment. 

I commend the program manager for his forthrightness in this 
testimony. 

General, anything further you would like to add regarding that 
point, before we go to our distinguished colleague? 

General Holland. No, sir. 

Chairman Warner. Then we go to Senator Roberts. 
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Senator Roberts. Well, thank you, Mr. Chairman. 

I think Senator Levin has referred to something that I think is 
exceedingly important, and that is the article in the Washington 
Post as of today and many other articles that were on the front 
page, and rightly so. I am sure we have all seen and read them. 
This is a tough story because if the actions of some marines that 
were outlined in the article are accurately portrayed, then there is 
an additional dimension to this story that must be addressed. 

To all marines in uniform — and I wrote this out so I could say 
it very clearly — the phrase “semper fi” has very special meaning 
and sets the Corps apart from her sister services. So, for the sake 
of the Corps, the action of marines that would put a system above 
the trust and lives of other marines must be dealt with fairly and 
swiftly. 

It was with a great deal of pride that I read page 9 of the Com- 
mandant’s statement where he said, “I am deeply concerned by the 
as yet unresolved allegations of malfeasance and suggestions of 
program instability.” More to the point, he said, “The Marine Corps 
will seize” — and I emphasize the word “seize” — “upon this oppor- 
tunity to ensure that we do not compromise our integrity, lower our 
standards, or jeopardize the safety of our marines for any pro- 
gram.” He went on to say, “The resolution of the question of mal- 
feasance, despite its grave importance, cannot occur until the De- 
partment of Defense Inspector General’s investigation is com- 
pleted.” That is certainly true. 

Stains are hard things to deal with, to get rid of, as I indicated 
in my earlier statement. But with the leadership of the Com- 
mandant, the United States Marine Corps is dedicated to removing 
this stain and replacing it with a new fabric of trust and capability 
that is commensurate with our past and our institutional history. 

I want to thank the Commandant for his leadership and his con- 
cern in this regard and I think enough said. 

Mr. Chairman, I want to thank you for pointing out the real 
problem we face with the CH-46 and the CH-53D helicopters. The 
statement by the Commandant indicated these helicopters are old. 
Their production lines are closed. The parts are scarce. Their main- 
tenance requirements, and probably the understatement of the 
morning, exceed the bounds of reasonableness. They are truly leg- 
acy systems. I will go a little farther. They are buckets of bolts, and 
they do perform a function. But we have to move. 

I would like for both Generals to indicate — we have talked about 
the situation in Teheran or the situation in regards to Desert One 
that I brought up earlier and Scott O’Grady. I have here a map 
that indicates the mission radius: twice as fast, five times as far, 
with three times the payload. Unfortunately, it looks like, by this 
map, we are going to leave from Quantico and go on a mission to- 
ward Wheeling. We better inform Senator Byrd from West Virginia 
in that regard if that is the case. [Laughter.] 

But can you come up with a specific example in the unsafe world 
today why this aircraft is so necessary? I want it event oriented. 
I want it mission oriented. I want it in straightforward language. 

Let me tell you what we are going to do this afternoon. At 2:30 
this afternoon, we are going to have a hearing on an investigation 
on the CST teams. Those are the RAID teams by the National 
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Guard. If you have an event of any kind of terrorism, these folks 
are supposed to be there within 4 hours, and with the helicopters 
they are flying specially equipped, what a marvelous opportunity 
for this aircraft in regards to that mission. 

Can you give me just a couple of examples? Tell us again why 
this is so important from an actual event in an unsafe world. 

General Jones. Well, range, speed, and payload is obviously very 
important. It allows for the projection of forces in a hostile environ- 
ment to occur, if it is a sea-based force, from well over the horizon, 
as one who cut his teeth on ground combat in Vietnam and hailed 
helicopters, the CH-46 being one of them, once we got the problem 
solved. 

But on a tactical level, helicopters have a very noisy signature. 
I have verified this personally down at Camp Lejeune. The V-22 
is by you before you even hear it. It is so quiet that there is no 
comparison. From enhancing the survivability of our forces on the 
ground and the tactical survivability of the crew and people in a 
V-22, that is very important. 

It has an NBC capability that helicopters do not have; in other 
words, it is survivable in a chemical and biological environment. 

We will want to put a weapons system on the V-22. We have 
foregone temporarily because of cost. 

But it will give situational awareness to the embarked crews be- 
fore they even offload. One of the big problems in helicopters, in 
just the lack of technology, is not really knowing which way you 
are facing when you run out of the helicopter and trying to get 
some sort of spatial orientation on the ground. Now with GPS tech- 
nology, the squad leader in the back of the V-22 will be able to 
know exactly where he is, exactly where the V-22 is pointing when 
they land, and the egress and the security of the force at that very, 
very difficult moment when you get out of the helicopter and you 
do not know exactly where you are. Those few seconds can make 
the difference between life and death. 

The sheer potential power of the V-22 in terms of what it can 
lift will remove forever the dependence on the calculations that we 
have to make with all helicopters that are much more susceptible 
to lift restrictions, depending on the temperature gradient and the 
weather conditions. 

This is a step away from the limits of physics imposed on rotary 
wing technology. 

I have spoken about this with the Chief of Staff of the Army and 
the CNO and the Chief of Staff of the Air Force, and all services 
are very interested in even a larger version of this tiltrotor, the C— 
130 type of configuration. Once we get over these initial difficulties, 
it is not hard to see that tiltrotors, large and small, could play a 
very, very important role in our future transformation of the 
Armed Forces. 

Senator Roberts. General Holland. 

General Holland. Yes, sir. I would like to add one other aspect 
which is very compelling. It is the deployability of the CV-22 com- 
pared to the way we deploy today. Probably the best example 
would be what happened during the Liberian Non-Combatant 
Evacuation Operation (NEO) in 1996. At that time, we had to tear 
down our helicopters, and that is important. For us to be able to 
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go over long distances, both in the Pacific and in Europe going into 
Africa, we have to take the rotor heads off (it takes a crane to be 
able to do this) and put it on board a C-5 airlifter and then for- 
ward deploy it. 

So, number one, it takes time, to tear down and prepare for ship- 
ment either the MH-53 or a MH-47 helicopter that we have in 
special operations. Then you have to get the C-5 to come in to do 
the upload, fly, and then you have to rebuild it, which, once again, 
when you arrive, you have to have a crane in place. You have to 
have your maintainers then put the helicopter back together and 
do a functional check flight before you start the operation. 

With the CV-22, once the deployment order comes in, you could 
self-deploy over 2,100 miles with one in-flight refueling, thereby 
getting there quicker and then join the forces and other equipment, 
thereby reducing the amount of time to the deployed location, say, 
from 72 hours down to a day. The deployment opportunities that 
this provides, not only in the savings from aircraft but also in dol- 
lars, is also a very key aspect. 

From USSOCOM perspective, what it means is that we can stay 
inside the decision cycle of the enemy. We can get there quicker. 
We have found that if you can get to a crisis quicker, then you have 
an opportunity to then take care of the situation. Then it is more 
favorable for what we need to do. 

Senator Roberts. Mr. Chairman, my time is expired, but I had 
one other question I would like to ask. 

Chairman Warner. You take such time as you need. 

I wish to state that I associate myself with your remarks, cer- 
tainly with regard to the manner in which our distinguished Com- 
mandant has worked his way, on behalf of the Corps, through this 
difficult problem. We have a long way to go in terms of personal 
accountability and otherwise. We have to be very careful to protect 
the interests of those under the Uniform Code of Military Justice. 
But you have done a commendable performance, General Jones, a 
very commendable performance in the finest traditions of the Ma- 
rine Corps. 

Senator Roberts and I were privileged to wear the green our- 
selves many years ago. My service is very modest compared to the 
others. 

Senator Roberts. The next question I have is in part in relation 
to that. Part of the challenge, it seems to me, in regards to this sys- 
tem is that our future crews may not think that the V-22 is safe 
or somehow may feel the system is being pushed on them before 
it is ready. This is to both Generals. I would like to know your as- 
sessment of the confidence of the air crews and the mechanics in 
operating and maintaining the MV-22. This is in relation to some 
of the comments that have been in the Nation’s press. 

General Jones. Sir, if I may, I would be happy to give you my 
personal opinion, but one of the reasons that I asked Major Heckl 
and Staff Sergeant Fowler to be here today is so that if you wanted 
to address that question directly to them, that they could give you 
their answer. I would be very happy to ask either one of them to 
come up here and answer that question. 

Chairman Warner. General, I think it would be helpful. I think 
it is important not only for the record and for the Senate, but for 



258 


all those following this hearing to see these brave and courageous 
young persons who are working their way through the evaluation 
of this aircraft. We will invite them to the witness stand. 

General Jones. With your permission, sir, I will step aside and 
let them 

Chairman Warner. Why do you not remain and just pull up a 
second chair here. 

Major, if you will give your full rank and serial number. 

Major Heckl. Sir, my name is Major Karstan Heckl and I am 
the Assistant Operations Officer at Marine Medium Tiltrotor 
Training Squadron-204 in New River, North Carolina, a former 
CH-46 pilot and now V-22. 

Chairman Warner. How many hours have you had in the 22? 

Major Heckl. I am a little nervous, sir. I have never done this 
before, so forgive me. I would rather be flying airplanes. [Laugh- 
ter.] 

I was a newly designated aircraft commander, sir. I had a flight 
of approximately 6 hours on the Friday before the mishap, Decem- 
ber 8. 

Chairman Warner. You mean the accident. 

Major Heckl. Yes, sir, the accident on December 11th. 

Just for everybody’s knowledge, I was personal and close friends 
of all four aviators and the air crew that died in both accidents. So, 
it certainly means a lot to me. 

That December 8th before, I had flown the aircraft for about 6 
hours and had gone everywhere from Charleston, South Carolina, 
up to Norfolk, Virginia, in the airplane, which is a far reach from 
my former airframe. 

Chairman Warner. What do you think the total number of hours 
would be? 

Major Heckl. I am a little over 80 probably, sir, with about 200 
in the simulator, which is an important issue that has not been ad- 
dressed here. The simulator device that the Marine Corps and the 
NAVAIR system bought for us is something we have never seen be- 
fore. It is phenomenal and it is a leap in technology itself. 

Chairman Warner. Thank you very much, Major. 

Would you identify yourself? I know exactly what a crew chief is, 
but you are an integral part of the crew and you fly with this 
plane. 

Sergeant Fowler. Yes, sir. Staff Sergeant Fowler, also a VMMT- 
204 Crew Chief and maintainer in the Flight Line Division, for- 
merly CH-46. I have about 20-25 hours. 

Chairman Warner. Now, Senator Roberts, would you care to 
continue? 

Senator Roberts. I would just like to ask the basic question that 
has been referred to in the press, and it is an obvious question in 
regards to future crews may not think that this aircraft is safe or 
that somehow it is being pushed on you before it is ready. What 
is your assessment of the confidence of the air crews and the me- 
chanics? 

Major Heckl. Sir, I had the fortune to talk with the Com- 
mandant yesterday when I got into town. This may have been an 
issue that perhaps we were being shielded from, but at my level, 
sir, I am an operator and I am a pilot. I fly airplanes, and Staff 
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Sergeant Fowler fixes and flies them with me. We just were flying, 
sir, and training. We never felt that we were being forced to cut 
corners or anything else. As the Assistant Operations Officer, one 
of the guys that is an integral part of the training of the rest of 
the aviators, I never felt that at all. 

The press can say what they want. I do not necessarily agree 
with it, and that is not an issue. 

But I have never felt any pressure, and I think I speak for all 
my colleagues down at the squadron, to include my CO, that we 
never felt any pressure. We were flying airplanes and we were fix- 
ing airplanes, and we would like to get back to doing that. 

Senator Roberts. I appreciate that. 

Sergeant, any comments? 

Sergeant Fowler. No, sir. I would concur with that. 

The only perceived pressure that might have been felt is just 
what was being printed in the newspapers, that VMMT-204 was 
under pressure to get the program going. Like the Major alluded 
to, we have been taking a lot of shots on the chin and unjustly in 
many cases. If there was any pressure, that is where it would come 
from. 

Senator Roberts. This is the aircraft of the future, as far you are 
concerned. 

Sergeant Fowler. Sir, I have complete confidence in the aircraft. 
Like the Major said, we are both from CH-46s, and I do not hesi- 
tate to tell anyone that my first flight in the V-22, I kind of had 
a chip on my shoulder. I was partial to the CH-46. We both still 
love the airframe a great deal. The minute that aircraft took off 
and I spent my first couple of minutes flying, I was like you, sir, 
astonished, amazed at the power and the capabilities of the plat- 
form. 

I’ve done in-country and split Yugoslavia where we really did not 
have that much information on what to expect. We pulled 46s in 
Haiti after they were taking fire in a small town in the mountains, 
and in both instances the V-22 would definitely have served its 
purpose much better than the 46 did. 

Chairman Warner. Much better. You mean less risk to the oper- 
ators and the passengers that you have on board. 

Sergeant Fowler. Yes, sir. A prime example is the amount of 
time that it would take that aircraft to exit the zone. A V-22 can 
get out of there just like that, decrease in small arms fire, and the 
time that it would take in the split instance took us probably an 
hour to fly from ship to split would be, I’m guessing, in a quarter 
of the time in a V-22. 

Senator Roberts. Major, would you like to add anything to that? 

Major Heckl. Sir, he and I both have a great deal of deployed 
time, and quite frankly, I wish I were there again, but with this 
airplane. The bottom line is, the last decade is replete with exam- 
ples of where the country has called us to go into harm’s way to 
rescue American civilians, et cetera. I have been involved with a 
couple of them. There was one case in 1990 when Liberia fell apart 
the first time with Charles Taylor, and the MEU, the Marine Expe- 
ditionary Unit, was not within striking distance, and it took us 
days to get there. With this aircraft, it would have been about a 
4 '/a/S-hour flight, and we would not have been inserting squads. 
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We would have been inserting a company reinforced with marines 
that could control any situation virtually. 

Sir, I have no doubt. Those non-combatant evacuation operations 
that you hear referred to so often that we do so often — this ma- 
chine is going to be the ticket. The long-range payload capability 
is phenomenal. I have flown the airplane. I have been there and 
I have done it in every single flight environment this aircraft can 
operate in. I have about 25 hours on NVGs in this thing. It is a 
good machine. 

Senator Roberts. Mr. Chairman, I wish our other colleagues 
could have been present for what I think is some very dramatic tes- 
timony. It is the response that I think was important to have on 
the record. I thank you, Major. I thank you, Sergeant. 

I have one other question. 

Chairman Warner. You go right ahead, Senator. 

Senator Roberts. Senator Levin has concern. I have concern. I 
thank Senator Levin for bringing this up. This is the downwash 
syndrome with this aircraft. I guess I would ask both Generals. 
Does the downwash make the aircraft operationally limited or inef- 
fective in regards to the specific missions of the Marine Corps or 
Special Operations? 

General Jones. I think it is something that we have to deal with. 
We are used to downwash, whether it is from a CH-53 Echo, which 
is arguably very similar to the V-22 

Chairman Warner. I think we need a definition. I understand it. 
I have been in it. All of us have. Explain exactly the downwash 
phenomenon, and then, General Holland, you add, of course, your 
response to this important question. 

General Jones. Well, downwash in the V-22 occurs when the na- 
celles are in the helicopter mode. Obviously, when you power up 
the engines, you force the air through the blades and you get a tre- 
mendous amount of downward thrust which allows the V-22 to lift 
up, the same as any helicopter. 

The 53 Echo is our largest helicopter, and it creates a very sig- 
nificant downwash. It is not the sine qua non of the V-22. It is an 
aspect of its operational mission envelope. 

We had hoped to have three different exit points on the V-22, 
but these are things that we are going to work with as the program 
develops. There is a question of the right ladder to make sure that 
when you drop a rope ladder down, that it is robust enough that 
it does not get sucked back up into the blades. 

Those are things where the work-arounds will be found. But it 
certainly is not going to make or break this particular program. 
They are work-arounds. You may be able to get two exit points off 
the aft section of the aircraft, but we will need to get the aircraft 
back in the air to continue that kind of development. But it was 
not something that was a show-stopper in the development and 
testing phase. 

Chairman Warner. Let me just clarify. You are talking about an 
operation where it comes in, descends to a level of 20 or 30 feet, 
or whatever the case may be, above the ground, decides not to go 
down fully, but to remain in the hovering mode, and then pas- 
sengers exit down ladders. 

General Jones. Yes, sir, for a tactical insert. 
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Chairman Warner. That is correct. 

In your judgment, while there are problems, these can be worked 
out and resolved. 

General Jones. I am of the opinion they can be. This is a tech- 
nique that we have developed with all helicopters. This is just a 
different variation of it, and it takes some understanding. The 
downwash now is on the horizontal axis instead of the vertical axis. 

Chairman Warner. General Holland. 

General Holland. Yes, sir. I agree with General Jones. I think 
this is one area that is a concern, but we are going to continue to 
work with the Navy, the Marine Corps, and Special Operations 
Command. At this time, we are reviewing our requirements. The 
good thing to note is that we can exit the airplane safely, according 
to The Blue Ribbon Panel, from the ramp. It is not that we cannot 
fast rope. It is more or less whether or not we would have three 
areas to fast rope. That is the part we all need to keep in consider- 
ation. 

We are also going to look at designs. We are going to look at our 
tactics and techniques and what is smart. I am encouraged by what 
The Blue Ribbon Panel stated today, and I am also encouraged 
that we are going to be able to find some solutions. 

General Jones. If I could just come back on that one briefly. 
There was a very good question I think that Senator Roberts asked 
about this downwash, and the answer that came from the panel 
had to do with what we call brownout or whiteout, where you land 
and kick up so much dust and dirt that you lose visibility, and the 
same thing in snow. I thought the panel’s answer was very 
thoughtful on that. The navigational aids and the visibility from 
the cockpit in the V-22 is dramatically different than from any- 
thing we have seen in a helicopter. Those phenomena will actually 
be, I think, in the long term less of a problem for the V-22 than 
it is, let us say, in a 46. 

Senator Roberts. Mr. Chairman, the only final comment I would 
have is that I truly appreciate your leadership in trying to figure 
out how we can by law do some fixing on the acquisition process. 
I did not know this. I did not know by law that the service chief 
of a particular service could not have input in regards to acquisi- 
tion and testing to determine whether whatever the platform being 
developed was safe for the specific mission. That service chief prob- 
ably knows more about that than any other single individual. 

It seems to me if they are locked out of the system, that we have 
some real legislative work ahead of us to consider in regards to 
input by people who are now representing their views on the panel. 
I know that the Commandant certainly feels that way and has a 
sense of personal frustration that he could not, by law, take part. 
Somehow or other in the law of unintended consequences or be 
careful what we ask for, it seems to me we need to take a hard 
look at that. I really want to thank you for mentioning that and 
saying the committee will take a hard look at that. 

Chairman Warner. We thank you, Senator. I have been sitting 
on this committee for almost a quarter of a century, and we learn 
every day where we have to get down in our system and find solu- 
tions to problems which apparently have been there. 



262 


Senator Roberts, before you leave, I would just like to ask our 
two operational marines here a tough question, but it needs to be 
answered. As I mentioned with deepest humility, both Senator Rob- 
erts and I served in uniform. My service was very modest. 

I know the Corps considers itself one big family and that is true 
of the other services. As such, the spouses, the loved ones are very 
much a part of that family. I opened, as did the Commandant, with 
our compassion for that family, which is probably the most valu- 
able support that any of us have while we are in the Corps. 

I think you better see if you can put into the record — maybe you 
want to submit it later, but if you want to articulate it. It is impor- 
tant that you are ready to step up as the operators, but the fami- 
lies also have a voice in this decision and maybe you would prefer 
to put that in writing and send it to us, unless you want to com- 
ment today. 

Major Heckl. Sir, I can speak without a doubt on that issue. As 
a husband and father of two, my wife, my family is totally in sup- 
port of my decision to do this, and there are no safety concerns at 
all, sir. 

I think that aviation is inherently a risky business, and marines 
are doers. We do not like to be told to stop. We want to accomplish 
the mission. That is why a lot of times people turn to us to get the 
job done. If we want a zero mishap rate, let us park the airplanes. 
I will certainly not agree with that, and we can start shooting bows 
and arrows again. But sir, it is a risky business. I have buried a 
lot of my friends, some now in the V-22, a lot in other airframes. 
A lot. My family is not concerned. They know the risk exists, be 
it in a V-22 or in my venerable CH-46 Echo. It is not a concern 
on my part, sir. 

Chairman Warner. Sergeant. 

Sergeant Fowler. Sir, I feel compelled to say this for the ma- 
rines at 204 who would not let me live it down. We have a squad- 
ron of marines and airmen down at 204 that are committed to 
showing the Nation basically that this is a viable asset, that we 
need the V-22. I talked to Mrs. Nelson who is here. Mrs. Gruber 
is here I know. I knew Mrs. Nelson’s husband very well. Although 
it is a tragic accident, I also know that if I were in the same posi- 
tion, they would want us to carry on, and that is what we are going 
to do, sir. I just wanted to let you know we are committed to bring- 
ing the V-22 to the American public and showing them it is defi- 
nitely the best option. 

Chairman Warner. Fellow marines, I thank you very much. 

The hearing is concluded. I think this committee has, if I may 
say, in a very forthright and careful manner, discharged our re- 
sponsibility of the initial hearings on this. The hearing is recessed. 

[Questions for the record with answers supplied follow:] 

Questions Submitted by Senator Strom Thurmond 

1. Senator Thurmond. General Dailey, I want to congratulate the panel on the 
excellent report. Although the report provides a comprehensive list of issues that 
must be resolved before the V-22 goes to full production, you did not address the 
V-22 test program. 

Does the panel have any views of the adequacy of the V-22 flight test program? 

General Dailey. Developmental testing was conducted with the intent of dem- 
onstrating specification compliance clearing the envelope for the operational testers 
to demonstrate Joint Operational Requirement Document requirements. The vortex 



263 


ring state (VRS) testing was adequate for its purpose (OPEVAL flight clearance). 
Poor crew coordination and violation of a flight manual warning caused the Mirana 
mishap, neither of which would necessarily have been prevented by more develop- 
mental flight testing. On the other hand, had the developers thoroughly assessed 
VRS, the community would have been more aware of its characteristics and hazards 
than were the pilots involved in the Mirana mishap. Formation flight and desert 
landings were partially tested, again to clear an OPEVAL envelope. More testing 
is needed in all of these areas to thoroughly define flight characteristics and develop 
procedures, techniques and limitations. 

The panel does not see this tendency to limit developmental testing as a V-22 
unique trend. There are other cases in recent years where test programs were lim- 
ited to demonstrating the requirements, with little or no attention given to exploring 
the actual limits of the aircraft’s capabilities. This “scorecard” approach to testing, 
usually motivated by the desire not to fail and the fear of cancellation, can have 
the effect of putting off important lessons until later in operations. This may be ac- 
ceptable for aircraft with crew escape systems, but should not be tolerated for trans- 
port aircraft, or aircraft with limited crew escape capability. 

2. Senator Thurmond. Mr. Augustine, based on your distinguished career both in 
government and the corporate world, how would you compare the scope of the V- 
22 problems with other major weapon development programs? 

Mr. AUGUSTINE. I would say, Senator Thurmond, that with one possible exception 
the problems of which we are aware on the V-22 are not at all atypical of the sort 
of problems encountered in most major system development undertakings. Because 
of the flowfield complexity associated with the VRS problem, we still, I believe, have 
more to learn about that particular phenomenon. On the other hand, as I look at 
the overall technical challenges posed by the V-22 as compared with other systems 
that have ultimately proven successful, it is hard to say that the former are any 
more formidable. 

Unfortunately, if the V-22 program is continued there will be future aircraft 
losses. This is a tragic aspect of all challenging aviation undertakings. On the other 
hand, it should be possible to manage these undertakings including the V-22, so as 
to minimize the likelihood of occurrence and consequences of such events. 

3. Senator Thurmond. General Davis, although the number of crashes associated 
with the V-22 program are not out of the ordinary when compared to other major 
aircraft development, the significant loss of life associated with these crashes has 
made the V-22 program more visible. 

In your judgment, was it a requirement to carry the large number of passengers 
at this point in the V-22 development? 

General DAVIS. The test/training objectives for the Mirana flight apparently called 
for a number of combat marines to be carried in the troop compartment. In retro- 
spect, it is fair to challenge any such requirements when a new aircraft is still rel- 
atively unproven. Just because the aircraft has been cleared by the development 
testers for operational testing, it does not mean that the risks (including uncertain- 
ties) are at a reasonable level. OPEVAL uses very experienced aircrews, and after 
OPEVAL, the first squadron is staffed by experienced personnel and operated in a 
highly structured environment (training). These staffing and operating approaches 
are appropriate for a new aircraft. The same risk-based approach should be applied 
to passenger missions. We recommend in the report that passenger flying be re- 
stricted to “mission essential” personnel until the V-22 is ready for operational de- 
ployment. By then, the aircraft should have accumulated enough flight time to re- 
duce the uncertainties to an acceptable level for routine passenger operations. 

4. Senator Thurmond. General Davis, the panel’s report reflects that a major 
flight safety issue with the V-22 is the vortex ring state. Before the tragic mishap 
in Mirana, were there any indicators the vortex ring of the V-22 differed signifi- 
cantly from that associated with large helicopters? If so, what precautions did the 
Marine Corps incorporate in the test program? Do you believe these precautions 
were appropriate? 

General DAVIS. The engineering community apparently anticipated VRS in the V- 
22, but not the asymmetric roll response that characterized the Mirana mishap. Be- 
cause there was no research into VRS for the V-22, the only real precautions taken 
for it were: 

(a) Handpicked, most helicopter experienced pilots for OPEVAL 

(b) A flight handbook warning to avoid high sink rates at low forward speed 
(although it was inadvertently placed in the wrong part of the manual) 
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(c) Enough developmental flight test to ensure that the warning limit (800 
feet per minute sink rate at or below 40 knots forward speed) was safe. 

In retrospect, the precautions taken by the program for VRS were inadequate. 
The testing was inadequate to determine the exact nature of V-22 VRS. Because 
of this, they had no direct knowledge of onset conditions, natural warning character- 
istics, handling qualities (longitudinal or lateral directional), or recovery procedures. 
The flight manual warning was inadequate to provide proper V-22 unique training 
in that it was poorly worded and improperly placed. After the mishap, more testing 
was initiated, and the flight manual was corrected. The panel endorsed these ac- 
tions, and believes that they, along with emphasis on a cockpit warning system, and 
ground school and simulator training for the pilots, will go a long way towards re- 
ducing the chance of VRS mishaps in the future. 

5. Senator Thurmond. General Jones, The Panel to Review the V-22 Program in- 
dicated that the V-22 test program was underfunded for the scope of the program. 
Do you agree with this assertion? If not, why not? 

General JONES. Spares, support, and procurement ramp have been the primary 
funding concerns in the V-22 program. During the program restructure, the focus 
is the correction of noted deficiencies. The intent is to provide full funding for the 
critical spares and support areas. Following the complete correction of deficiencies, 
the intent is to ramp the procurement up to the most efficient level. The Marine 
Corps will work with OSD, the Navy, and industry to ensure the funding is main- 
tained at appropriate levels. The continued support of Congress is critical to the suc- 
cess of this effort. 

6. Senator Thurmond. General Holland, in the development testing of the CV- 
22, did your pilots experience similar problems as those associated with the Marine 
Corps test program? If so, what was the coordination between the two programs? 

General Holland. The CV-22 effort is embedded in the overall V-22 program 
being executed by the Department of the Navy. As such, there are not truly two 
separate programs, but two facets of the same program. This is equally true of the 
test effort which uses an integrated developmental and operational testing approach 
for both the MV-22 and CV-22. 

As part of this integrated testing, Air Force pilots and maintainers have for years 
been, and are still, working side-by-side with their Marine Corps and contractor test 
counterparts. Air Force personnel also participated in the MV-22 Operational Eval- 
uation and provided inputs into the final report that also assessed the operational 
effectiveness and suitability of the V-22 for special operations missions. Thus, co- 
ordination between the two services is a continuous and ongoing process. Our test 
pilots, aircrew members and maintainers have experienced the V-22 alongside the 
marines every step of the way. 

Specific testing of CV-22 variant started only very recently, late in 2000. This ef- 
fort includes Marine Corps participation and is located at Edwards Air Force Base, 
California. Only a handful of flights were conducted there before the current oper- 
ational pause was put in effect. 

Independent Air Force testing will occur during the CV-22 dedicated Initial Oper- 
ational Test and Evaluation (IOT&E) currently scheduled to be conducted in 2003 
at Kirtland Air Force Base, New Mexico. 


Questions Submitted by Senator Bob Smith 

7. Senator Smith. Why shouldn’t we cancel the V-22 program right now? 

General Holland. The V-22 program should not be canceled because it is the 
best solution available (now or over the next decade) to special operations forces’ 
(SOF) indisputably valid and high priority military need. The $13 billion invested 
to date has developed an innovative airframe that will meet SOF’s requirements for 
a high-speed, long-range penetrating aircraft. While the V-22 hardware and soft- 
ware are not completely ready for full-rate production, their closeness to completion 
is evidenced by the number of hours the V-22 has flown and the amount of testing 
that has been accomplished thus far. We must continue the remaining testing and 
redesign that will allow the V-22 to meet SOF’s real and pressing needs. 

General Jones. Our legacy medium lift helicopter platforms have served our Na- 
tion very well but have exceeded their initial projected service life. They continue 
to become more unreliable, more expensive to maintain and are less capable with 
each passing year. Tiltrotor technology is sound and provides a true leap-ahead in 
capability. The review panel’s hard work bears this out. The Osprey is arguably the 
most studied weapon system in the history of our American military. Each succes- 



265 


sive study has validated that the V-22 was the most cost and operationally effective 
alternative. Cancellation would delay the beginning of replacement of our legacy 
platforms by at least 5 to 7 additional years. The safety of our personnel who fly 
and ride on these legacy platforms must be considered. Our plan for the future of 
the program will ensure that we can move forward with an aircraft that is safe, 
highly capable and affordable. That aircraft is the V-22. 

8. Senator Smith. Is the requirement for the V-22 still valid? 

General Holland. Absolutely! The United States Special Operations Command’s 
(USSOCOM) requirement for the CV-22 is not only still valid, it is more acute today 
than when it was first articulated as an Air Force Statement of Need nearly two 
decades ago. USSOCOM continues to operate in a turbulent and uncertain world 
where the threat to aircraft intensifies and modernizes every day. In peacetime, cri- 
sis and in wartime, USSOCOM’s missions (such as counterproliferation, combating 
terrorism, direct action, and special reconnaissance) demand the ability to penetrate 
hostile and denied territory with a force of highly trained operators. The political 
uncertainty in many regions around the globe continues to demonstrate many situa- 
tions where special operations forces (SOF) could be called upon to intervene. Each 
year, anti-aircraft weapons continue to become more widely distributed and tech- 
nically sophisticated. Computerization in the fields of radar, communication and 
analysis makes penetrating a defended area more risky as time progresses. 

While our missions remain imperative, the operating environment makes those 
missions more difficult to accomplish with our current assets, particularly with 
those assets aging. Many USSOCOM aircraft are wearing down, particularly the 
MH-53s that we have flown heavily and with great success for the past 30 years. 
We need something to replace the capability we will lose over time and it should 
be something truly fit for the rigors of the 21st century. The CV-22 is fit for the 
future and will be ready to meet our real missions needs. 

General JONES. Yes. It was over 20 years ago that the Marine Corps began to con- 
sider replacement options for its aging CH— 46E Sea Knight and CH-53D Sea Stal- 
lion helicopters. Following a rigorous evaluation of future mission requirements, 
tiltrotor technology was selected as the best option to achieve future needs for its 
promise to revolutionize our expeditionary capabilities. The Marine Corps’ fleet of 
CH-46E and CH-53D helicopters began their service in the mid-1960s. At the end 
of their 20-year initial projected service life, both began experiencing escalating 
maintenance costs; reduced reliability, availability, and maintainability; and signifi- 
cant performance degradation. These challenges are even more pronounced today, 
as the average age of our CH-46E and CH-53D helicopters is over 30 years. These 
helicopters are old, their production lines are closed, parts are scarce, and their 
maintenance requirements exceed the bounds of reasonableness. They are truly “leg- 
acy systems” with numerous current and projected deficiencies: inadequate payload, 
range, and speed; and, no self-deployment or aerial refueling capability. Clearly, a 
capable replacement aircraft is required and long overdue. The V-22 remains the 
most capable platform to provide us the capability we need to meet the missions 
of the 21st century. 

9. Senator Smith. What are you doing to improve R&M? 

General Jones. Safety and reliability is the focus of our road ahead for the V- 
22. Increased focus and commitment by industry and the government to this issue 
will ensure a safe and reliable aircraft is delivered to the fleet. An aggressive plan 
to improve the reliability and maintainability of the V-22 has been in place since 
the conclusion of OPEVAL. We have expanded this plan by incorporating a defi- 
ciency matrix, which now identifies every known deficiency. Additionally, we have 
developed a phased implementation plan that corrects these deficiencies. 


Questions Submitted by Senator Rick Santorum 

10. Senator Santorum. General Jones and General Holland, as the customers for 
the MV-22 and CV-22, what are the operational ramifications to your respective 
missions if the V-22 is canceled? 

General JONES. Canceling the program would directly impact four areas. 

First, the cost (in terms of equipment, parts, and manpower) to maintain our leg- 
acy aircraft will continue to increase. The requirement to replace our medium lift 
inventory is valid. The legacy medium lift aircraft are over 30 years old; they need 
to be replaced. Additionally, the V-22 is the most suitable solution to meet 21st cen- 
tury battlespace requirements. Our legacy medium lift helicopter platforms have 
served our Nation very well but have exceeded their initial projected 20 year service 
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life. They continue to become more unreliable, more expensive to maintain and are 
less capable with each passing year. 

Second, first operational deployment of a replacement alternative would not occur 
for 7 to 10 years. Cancellation would delay the beginning of replacement of our leg- 
acy platforms by at least 5 to 7 additional years. The safety of the personnel who 
fly and ride on these legacy platforms must be considered. The plan for the future 
of the program will ensure that the program can move forward with an airplane 
that is safe, highly capable and affordable. That aircraft is the V-22. 

The third impact would be felt at VMMT-204, the Osprey training squadron. We 
have over 300 marines, sailors, and airmen and eight aircraft currently assigned. 
A disposition plan would have to be worked with dramatic impacts on personnel and 
funding. 

The fourth impact — the Marine Corps will experience further delays in imple- 
menting our capstone concept of Expeditionary Maneuver Warfare (EMW). The V- 
22 is the only aircraft capable of fulfilling the medium lift assault support needs 
required to execute EMW. Seven Cost and Operational Effectiveness Analyses 
(COEAs) or Analysis of Alternatives (AoAs) all state that for equivalent lift, the V- 
22 is the most cost effective. Platforms considered included the H-60, H-53, CH- 
47, EH-101, S-92, and combinations thereof. Also, “equivalent lift” to a V-22 12- 
plane squadron does not necessarily fit aboard an L-class ship because it takes more 
aircraft for the equivalent lift and more manpower to support it. 

General Holland. If the CV-22 were canceled, the ramifications to special oper- 
ations forces (SOF) might not be immediately felt, but rather would result in the 
continual erosion of our capability to successfully perform our missions in the fu- 
ture. Operationally, SOF rely on maintaining an edge in both technology and train- 
ing for success. In aviation, that technological edge has consistently exhibited itself 
in the ability to reliably fly faster, further and in ways that are less vulnerable. The 
CV-22, with its unique capabilities, is the next logical step to keep SOF ahead. 

As the world in which SOF operates evolves in terms of the technology, tech- 
niques and training aimed at detecting and preventing our penetration into the area 
of our enemy, SOF needs to maintain its pace of progress to keep that needed edge. 
As our current inventory of modified helicopters ages, they become more expensive 
to maintain and less capable of hosting modifications needed to cope with the evolv- 
ing world. Without the CV-22, conduct of special operations will become more com- 
plex and expensive and potentially, less likely to succeed. 

11. Senator Santorum. General Jones and General Holland, if the V-22 were not 
to be procured, what other platforms would you consider to meet your stated re- 
quirements? 

General Jones. Seven major Cost and Operational Effectiveness Analysis studies 
have concluded that the V-22 is more cost-effective than any helicopter or any mix 
of conventional helicopter types. In fact, the V-22 is the only practical alternative 
that meets the tri-service requirements of the Marine Corps, Air Force, and Navy. 
Other options offer no real advantages in cost savings/avoidance, given the require- 
ment. In fact, other options are accurately described as a “step back.” The V-22 is 
the only platform that can fulfill the stated requirements. 

General Holland. There are no other current platforms that will meet the United 
States Special Operations Command’s (USSOCOM) requirement for the capabilities 
offered by the CV-22. Tiltrotor technology will allow special operations forces (SOF) 
deep access into denied areas where the current helicopter fleet cannot go. Only the 
CV-22 has the range, speed, and survivability to carry out critical missions deep 
in denied territory within a single period of darkness, negating the need to seize 
and hold forward staging bases and friendly forces on the ground. This 100 percent 
increase in combat radius over current SOF helicopters would allow the CV-22 to 
operate over an area four times as large as the helicopters, with a similar or smaller 
logistics footprint. 

Having said that, if the CV-22 program is canceled, USSOCOM will have to ex- 
tend our aging MH-53 PAVE LOW fleet to maintain our current level of risk. This 
will include a costly service life extension program (SLEP). Additionally, USSOCOM 
will be forced to begin a new acquisition program for a next-generation platform 
meeting the same requirements as the CV-22, but now 15 years late to need. We 
have no budget for such an effort, the cost of which would likely be more than the 
CV-22. It would have to be a joint program between USSOCOM and other services 
to be affordable to USSOCOM. 

12. Senator Santorum. General Jones and General Holland, what are the esti- 
mated costs associated with substituting or sustaining other platforms? 
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General JONES. Cost is relative. The Selected Acquisition Report (SAR) methodol- 
ogy asks for the entire R&D program, aircraft acquisition, all spares, logistics and 
support equipment to be spread over the total procurement quantity and calculated 
in inflated then-year dollars. Reporting the total planned buy in constant year dol- 
lars for the fully outfitted flyaway aircraft is more accurate and results in a better 
defined value ($47. 3M in 2001 dollars for the V-22). 

Consider the performance leap. The V-22 is twice as fast as the helicopters it re- 
places and has 4 to 5 times the range. This is a much larger performance premium 
than that enjoyed by the newest generation of fighters over their predecessors. 

Consider cost effectiveness. Seven Cost and Operational Effectiveness Analyses 
(COEAs) or Analysis of Alternatives (AoAs) all state that for equivalent lift, the V— 
22 is the most cost effective. Platforms considered included the H-60, H-53, CH- 
47, EH-101, S-92, and combinations thereof. Also, “equivalent lift” to a 12 plane 
V-22 squadron does not necessarily fit aboard an L-class ship because it takes more 
aircraft for the equivalent lift and more manpower to support it. 

In each of seven COEAs conducted by a diverse series of trusted institutions, the 
V-22 was a very consistent first choice with no clear second choice among the 
widest possible variety of potential alternatives. Each analysis showed that the MV- 
22 Osprey is the most operationally effective choice and also, the most cost effective 
(affordable) choice for the Marine Corps. The analyses concluded that: 

- The total life cycle cost for the V-22 proved to be $3 billion less than an 
equal lift CH-60/CH-53 force. 

- The V-22 force exhibited much greater survivability — over a 7 to 1 advan- 
tage in troop transport. Thus, resulting in a much greater level of protec- 
tion than other assault support aircraft could provide to our most precious 
asset . . . our marines. 

- An MV-22/CH-53E force will deliver three times the combat power of an 
equal lift CH-60/CH-53E force in the critical first hour of an amphibious 
assault. 

- An additional $3 billion cost avoidance was attributed to a decreased need 
for shipping and airlift assets due to the self-deployability of the V-22. 

- The V-22 option is fully supportable within the Marine Corps’ current 
force structure. An equally capable CH-60/CH-53E alternative would de- 
mand a force structure increase of 3,000—4,000 personnel. This represents 
several billion dollars of cost avoidance over a 20-year period. 

The V-22 Osprey provides the Nation an affordable balance of flexibility, respon- 
siveness, and survivability that is required for 21st century military operations. 
Such balance cannot be achieved with any other combination of platform options. 
Other alternatives including mixes or ‘silver bullets’ offer no real advantage in cost 
savings or avoidance given the requirement. The bottom line is the V-22 may be 
more expensive on a unit cost basis, but it is significantly more capable and cost 
effective than any alternative. The V-22 is the only alternative that meets the re- 
quirement. 

General Holland. If the CV-22 program were canceled, there would be severe 
funding impacts in both the short and long term. The near term cost to extend the 
MH-53 PAVE LOW fleet, including a service life extension program (SLEP), would 
be close to $820 million through fiscal year 2007. The long term costs we estimate 
at $2.2 billion through fiscal year 2012. This, in effect, would divert a great portion 
of our budget from modernization to sustainment of a legacy system. 

Furthermore, the United States Special Operations Command (USSOCOM) would 
have to begin an acquisition program for a new platform meeting the same CV-22 
capabilities. We expect that the cost would be greater than that of the CV-22 pro- 
gram, which has already gone through development and is very close to production. 
Again, USSOCOM has no current budget for such an effort and would have to seek 
overguidance. 

13. Senator Santorum. General Dailey, how confident are you in Bell/Boeing’s 
commitment and ability to fix the problems associated with the V-22? 

General DAILEY. The panel talked to senior leadership at Bell and Boeing about 
their commitment to a safe and capable aircraft for the services. We are confident 
that they will take our recommendations to heart, and work hard to correct program 
and design deficiencies. We recommended that until the program completes its mat- 
uration phase, the CEOs of the two companies meet monthly with the Joint Pro- 
gram Office Director and the Navy Program Manager to stay abreast of progress 
and to put management emphasis on any problems that might arise. 
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14. Senator Santorum. General Jones and General Holland, we have heard from 
The Blue Ribbon Panel that this program has been underfunded from the beginning. 
How do we prevent this from happening in the future? 

General JONES. Spares, support, and procurement ramp have been the primary 
funding concerns in the V-22 program. During the program restructure, the focus 
is the correction of noted deficiencies. The intent is to provide full funding for the 
critical spares and support areas. Following the complete correction of deficiencies, 
the intent is to ramp the procurement up to the most efficient level. The Marine 
Corps will work with OSD, the Navy, and industry to ensure the funding is main- 
tained at appropriate levels. Additionally, the Office of the Assistant Secretary of 
the Navy for Research, Development, and Acquisition established the V-22 Program 
Executive Committee (EXCOM) to review the program on a continuing basis with 
a focus on: 

Government/Contractor approach 

Critical technical, testing, programmatics, and supportability issues 

Areas of technical risk 

Details of the program restructure 

Cost and schedule performance 

Manufacturing quality 

Program communication 

The continued support of Congress is critical to the success of this program. 

General Holland. The CV-22 offers a leap-ahead technology and capability for 
the United States Special Operations Command (USSOCOM). It represents a criti- 
cal modernization effort for special operations forces (SOF). Because USSOCOM has 
a limited budget, we must leverage procurement efforts by the services, modifying 
those aircraft for SOF use. For the CV-22, the Navy pays for development, Air 
Force pays to procure the basic CV-22 airframes, and USSOCOM funds the SOF- 
unique content such as terrain following/terrain avoidance radars and an upgraded 
electronic warfare suite designed to increase aircraft survivability against advanced 
threats. 

Because of the complex nature of funding, both the Air Force and USSOCOM 
must rely on accurate joint cost modeling estimates. USSOCOM has consistently 
fully funded the Major Force Program 11 (MFP-11) portion to those estimates. The 
best way to ensure adequate funding is to have accurate cost models. USSOCOM, 
the Air Force, and the Navy must work together to ensure the joint program office 
is fully staffed and both MV-22 and CV-22 costs are accurately and completely 
modelled. Additionally, as The Blue Ribbon Panel pointed out, the V-22 program 
suffers from funding decrements common to all acquisition programs. However, be- 
cause the V-22 is a new technology, subject to higher technical risk, it may need 
protection from “customary decrements” (taxes) and require a robust management 
reserve. 


Questions Submitted by Senator Carl Levin 

15. Senator Levin. Colonel Schmidt, can you expand on your testimony on restric- 
tions placed on personnel involved in the operational test and evaluation of the V— 
22 Osprey? Specifically, do you have any explanation for why the team participating 
in the operational test and evaluation of the V-22 did not pass any important safety 
or reliability information to you or other responsible officials within the V-22 pro- 
gram office? 

Colonel Schmidt. To my understanding, the Commander, Operational Test and 
Evaluation Force (COMOPTEVFOR) generally discloses Operational Evaluation 
(OPEVAL) information during the course of OPEVAL via anomaly reports, Naval 
Safety Reporting and the Naval Aviation Maintenance Discrepancy Reporting Pro- 
gram (NAMDRP) reports. Some reports that fell into those categories were issued 
during V-22 OPEVAL. I do not have insight into whether all events that should 
have been reported were in fact reported; this is a matter that COMOPTEVFOR 
would need to address. On July 5, 1999, before the November 1999 OPEVAL start, 
I coordinated with Captain Evans of COMOPTEVFOR to receive, via the anomaly 
report vehicle, continual reliability data during the course of OPEVAL, primarily be- 
cause of our prediction of a lower than threshold Mean Flight Hours Before Failure 
(MFHBF) number. The data was to be open data, meaning that the Naval Air Sys- 
tem Command (NAVAIR) or Program Manager (PMA) could use it as needed, to in- 
clude release to Bell-Boeing. My intent was to get a head start on planning for cor- 
rections of reliability issues found on production aircraft, rather than to wait until 
completion of OPEVAL to identify problems. When the first set of OPEVAL reliabil- 
ity data was provided in February of 2000 (covering the period of October/November, 
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1999) to the receiving NAVAIR reliability engineer, he acted upon it by providing 
information of interest to selected government and contractor personnel for problem 
investigation. The engineer was told by the Multi-Service Operational Test Team 
(MOTT) that his actions conflicted with his “trust agent” agreement. This was in- 
consistent with the open data agreement with COMOPTEVFOR, and the result was 
that all further deliveries of reliability data during OPEVAL were withheld from 
that time. Unfortunately, I was not personally informed of this situation until 
OPEVAL was essentially completed which was in July 2000. NAVAIR was provided 
the OPEVAL reliability data in August 2000 as a single block delivery. 

It is my understanding that Secretary of the Navy Instruction (SECNAVINST) 
5000. 2B directs anomaly reports to be utilized to provide information back to the 
program office. In Para. 6.3. 1.2.1 of the instruction it states: “An anomaly report 
shall be originated by COMOPTEVFOR when minor failures or anomalies are dis- 
covered during operational testing that impact testing, but are not so severe that 
testing should be stopped.” During OPEVAL, 13 anomaly reports were issued. I be- 
lieve this is the appropriate vehicle for relaying information back to the program 
office to ensure all potential issues are addressed. 

16. Senator Levin. Colonel Schmidt, do you believe that there were any statutory 
or regulatory restrictions that should have prevented the operational testers from 
informing you or other responsible officials within the V-22 program office of such 
information? 

Colonel Schmidt. I am not aware of any statutory or regulatory restrictions that 
preclude the operational testers from providing the program office with important 
safety and reliability information. 

17. Senator Levin. Colonel Schmidt, can you describe in greater detail what im- 
portant safety or reliability information has become known to you since the end of 
operational test and evaluation? In your opinion, which of these pieces of informa- 
tion would have warranted contemporaneous action by the program office had the 
program office been made aware of the information? 

Colonel Schmidt. Several data items were made available after the end of oper- 
ational evaluation (OPEVAL), which would have been more useful if provided in a 
more timely fashion. The Maintenance Action Form (MAF) database was provided 
in August 2000. This data describes maintenance actions taken and the failures that 
occurred. It could have provided the basis for corrective actions to commence 10 
months earlier if provided during the OPEVAL, as agreed to by the Commander, 
Operational Test and Evaluation Force and the Program Officer for V-22 on July 
5, 1999, prior to the start of OPEVAL. The corrective actions would have resulted 
in earlier reliability (and maintainability) improvements. 

During my testimony, I discussed information about the February 24, 2000 abort 
due to a similar hydraulic failure to that experienced in the December 11, 2000 acci- 
dent. How important this knowledge would have been, if received at an earlier date, 
cannot be ascertained after the fact. This information was obtained verbally by The 
Blue Ribbon Panel (Bryan O’Connor), but its usefulness would not have precluded 
the December accident in that the failure did not include pilot interaction with the 
primary flight control system button and related software, as occurred in the De- 
cember accident. 

18. Senator Levin. Colonel Schmidt, some of our problems in the hydraulics sys- 
tem apparently result from the fact that the early test aircraft were too heavy and 
were redesigned to make the V-22 lighter. This led to packing things more tightly 
into the nacelles, and moving to the higher pressure hydraulics systems. Both of 
these changes, at least indirectly, contributed to the hydraulics failure in the De- 
cember crash. 

How extensive a redesign do we need to make to ensure that we won’t experience 
the hydraulic line chafing problem? 

Colonel Schmidt. The V-22, both in Full Scale Development (FSD) and Engineer- 
ing and Manufacturing Development (EMD), used a 5000 psi hydraulic system. The 
nacelle was not reduced in volume and the hydraulic system was not changed from 
FSD to EMD. However, the changes that did occur within the nacelle in going from 
FSD to EMD were made to reduce weight, improve maintainability, and to improve 
component cooling, while maintaining adequate line clearances. Nevertheless, 
present status indicates that the product being delivered to the fleet has unaccept- 
able line chafing. This issue is being addressed. 

At this time we do not know how extensive the redesign needs to be. A review 
of the current design is underway to determine what changes will be necessary to 
preclude chafing. 
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19. Senator Levin. Colonel Schmidt, can we be assured that required safety 
changes won’t put us back into an unacceptable weight condition again? 

Colonel Schmidt. I believe that safety changes will not put us back into an unac- 
ceptable weight condition. 

20. Senator Levin. Colonel Schmidt, the vortex ring state condition in certain 
parts of the flight envelope was the cause of the April 2000 crash. Phil Coyle, the 
Director, Operational Test and Evaluation (DOT&E), came to the conclusion that 
fixing the vortex ring state problem in a side-by-side rotor system “cannot be rem- 
edied by minor design changes.” (Page 70 of DOT&E briefing charts to The Panel 
to Review the V-22 Program). 

Do you agree with the conclusion by DOT&E? 

Colonel Schmidt. I disagree with the DOT&E briefing charts. First, the vortex 
ring state (VRS) condition does not occur within any part of the authorized flight 
envelope. The April 2000 Mirana, Arizona accident occurred well outside (2V2 times) 
the authorized rate of descent limit for low airspeeds. Additionally, dedicated VRS 
flight testing, completed to date at altitude, shows VRS is predictable. Test data will 
be used to create VRS responses in the simulator for pilot training. Additionally, 
an audible warning will be provided in the aircraft to alert pilots who fly outside 
the approved envelope to an approaching VRS condition. To provide aerodynamic de- 
sign correction to remove VRS is probably not possible given that it is an inherent 
characteristic for rotorcraft and would certainly be unnecessary given the above dis- 
cussion. No other rotorcraft development project has attempted to eliminate VRS 
through aerodynamic design. 

21. Senator Levin. Colonel Schmidt, what is your assessment of how extensive the 
fixes may be for the vortex ring state problem? 

Colonel Schmidt. No changes are expected to be incorporated for VRS. However, 
we do intend to incorporate within the simulators the aircraft VRS response to per- 
mit training for avoidance, recognition and recovery if the limitations are exceeded. 
In addition, we will provide a cockpit warning to notify the pilot of exceeding the 
approved envelope and approaches to the region of possible VRS. It should be noted, 
to my knowledge, the V-22 will be the only rotorcraft to implement such a cockpit 
warning, even though VRS is an inherent characteristic of all rotorcraft. 

22. Senator Levin. Phil Coyle, the Director, Operational Test and Evaluation 
(DOT&E ), highlighted a number of areas for The Panel to Review the V-22 Program 
wherein he felt the V-22 did not perform well during operational testing, or was 
granted a waiver from testing so no data was taken during operational testing. 

We all understand that waivers sometimes may be necessary, and that there is 
a formal process in the acquisition system for deciding on such waivers. However, 
some of these situations could have broad implications for operating the aircraft and 
having it perform its missions. 

For example, situations not tested included operations under icing conditions, inte- 
grated operations with other aircraft, and flying under instrumented flight rules for 
shipboard operations at night. 

Poor testing results included inability of the aircraft to execute shipboard short 
take-off and landing (STOL) operations at full mission weight (implying reduced 
combat radius), and the avionics systems producing faulty altimeter readings when 
the aircraft is carrying external cargo loads. 

Colonel Schmidt, were you aware of all waivers that were granted for the program 
during the operational testing periods? 

Colonel Schmidt. Yes, I was aware of all waivers granted, as was the leadership 
at the time, including Rear Admiral Newsome, USN, former Program Executive Of- 
ficer for Air Antisubmarine Warfare, Assault, and Special Mission aircraft (PEO(A)) 
and Rear Admiral Nathman, USN, Director, Air Warfare Division, who signed out 
the waiver letter. The 21 waivers granted were fewer than those on any other recent 
Department of the Navy (DON) Aviation Operational Evaluation waiver list. 

23. Senator Levin. Colonel Schmidt, why do you believe that the testing that was 
conducted derived sufficient testing data upon which to base decisions on the pro- 
gram? 

Colonel Schmidt. The testing was adequate as substantiated by the Operational 
Evaluation Report, which stated “The V-22 is effective and suitable”. 

24. Senator Levin. Colonel Schmidt, do you believe that the operational testing 
data indicates that we may need to make modifications to the aircraft design to en- 
able it to meet its requirements? 
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Colonel Schmidt. Yes, in order for the aircraft to meet all 243 requirements in 
the Joint Operational Requirements Document (JORD), modifications will have to 
be made. A review of the JORD is underway to validate the need of each of the re- 
quirements. However, it is clear at this point that modifications to improve reliabil- 
ity/maintainability (R&M) and the hoist are needed. Prior to the December 5, 2000 
Milestone III meeting and the December 11, 2000 mishap, there were correction 
plans in place for improvement of R&M and the hoist (i.e., design, developmental 
testing, and follow-on operational test & evaluation). The intensive Blue Ribbon 
Panel review and technical assessment resulting from the December 11, 2000, acci- 
dent has made clear the necessity for further changes and flight testing. Except for 
the faulty flight control software identified by the rare combination of events which 
led to the mishap, the aircraft was considered flight worthy. The software fault is 
being corrected and, when verified, the aircraft will be flight worthy again. The ear- 
lier than planned maturing of the V-22 system that these reviews are bringing to 
bear (to include the Interactive Electronic Technical Manuals (IETMs), optimized 
Naval Aviation Logistics Command Management Information System (NALCOMIS), 
training, and mission planning as well as the aircraft) will provide the confidence 
to Congress, the American people, decisionmakers, and warfighters to proceed with 
this revolutionary aircraft that will save thousands of American lives. 

25. Senator Levin. In expeditionary environments, the forces that would be oper- 
ating the V-22, both within the Marine Corps and with the special operations 
forces, would be required to operate with as small a ground “footprint” (people, 
hardware, spares, etc.) as possible. 

General Jones and General Holland, what gives you confidence that the V-22 pro- 
gram will have sufficient reliability, availability, and maintainability to allow your 
forces to operate in these expeditionary environments without having to rely on too 
large a ground support footprint? 

General Jones. The reliability growth plan developed prior to operational evalua- 
tion (OPEVAL) and since updated shows the V-22 is on track to meet or exceed all 
reliability, availability, and maintainability (RAM) Operational Requirements Docu- 
ment (ORD) requirements by the fall of calendar year 2003. This is ahead of the 
projected first operational deployment of the aircraft. The documented growth of re- 
liability from the Engineering Manufacturing and Development (EMD) phase 
through OPEVAL and VMMT-204 operations supports the projected growth of the 
V-22 Program Office RAM plan. 

Component reliability is the main driver to the RAM metrics that were not met 
during and following OPEVAL. With improved component reliability, Mean Flight 
Hour Between Failure (MFHBF) will increase, Maintenance Man Hours per Flight 
Hour (MMH/FH) will decrease and the Mean Flight Hour Between Unscheduled 
Maintenance (MFHBUM) will increase. The reduction of MMH/FH will reduce main- 
tainer workload and allow the manpower requirement to be satisfied whether work- 
ing from home base or in an expeditionary environment. Additionally, experienced 
maintainers with improved technical publications (i.e. Integrated Electronic Tech- 
nical Manual System) and refined maintenance procedures will decrease the Mean 
Repair Time-Abort (MRTa). As the aircraft matures, reliability improves, and squad- 
ron maintainers become familiar with the aircraft; the aircraft’s RAM will allow for 
full spectrum operations throughout the expeditionary environment without a re- 
quirement for a large logistical footprint. 

General Holland. One of the most critical aspects of measuring the reliability 
and availability for mission operations is the aircraft’s operational reliability or 
Mean Time Between Failures (MTBF). Currently, the MTBF of the V-22 is about 
0.78 hours, approximately 55 percent of the Operational Requirements Document 
threshold of 1.4 hours. Much attention has been placed on this number, but it needs 
to be kept in perspective. This threshold is one of the most stringent ever placed 
on a new aircraft and is 61 percent higher than the current MH-53 MTBF of 0.55 
hours. 

The Program Office’s attention on increased quality during production, incorpora- 
tion of projected design changes, and implementation of their reliability Corrective 
Action Plan (CAP) highlight the commitment to increased reliability and aircraft 
availability. If the proposed CAP is fully implemented the MTBF should meet the 
ORD requirement of 1.4 hours by the third quarter 2003, and exceed it by 34 per- 
cent by the fourth quarter 2003. 

In regards to “too large a ground support footprint,” the V-22 inherently reduces 
the ground support footprint necessary to support the warfighter. Current projec- 
tions show 28 maintenance personnel per aircraft for the CV-22 compared to 39.7 
maintenance personnel for the MH-53J, a 29 percent reduction in personnel. 
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During a simulated scenario employing 8 MH-53s, 4 C-5s, and 12 C-17s were 
required to load and transport the MH-53s, personnel, and equipment — compared 
to only 5 C-17s for the deployment of 8 CV-22s. The inherent capability of the V— 
22 allowed self-deployment, and allowed mission execution in one period of darkness 
compared to 35 hours for the MH-53. This also preserved operational security by 
eliminating buildup and flight test. The V-22 provides an estimated 77 percent re- 
duction in execution timeline, reduces overall mission complexity, and increases 
probability of success. Even with the V-22 MTBF rate, the ground support footprint 
would be approximately one third of the MH-53 because of increased speed, range, 
and flexibility. 

Regarding maintainability, projected design changes will not only impact reliabil- 
ity, but will also significantly provide a positive impact on the maintainability of the 
V-22. Redesign of the engine nacelles to include increased clearances between hy- 
draulic lines and electrical wiring, new curing methods for attaching hardware (click 
studs), and the addition of multiple maintenance access panels will reduce system 
failures through contact. These actions will also give the maintainer more room to 
work, aid in inspection of critical areas, and as a result reduce unscheduled mainte- 
nance downtime. 

26. Senator Levin. It is clear that the V-22 program will have to be delayed even 
if Secretary Rumsfeld decides to continue the program. Such a delay could involve 
waiting 2 or 3 years to start full production. 

General Jones, what steps will be necessary in the Marine Corps to keep the CH- 
46 flying while we make any necessary fixes to the V-22 design? 

General JONES. Based on current utilization rates, the service life of the CH— 46E 
does not need to be extended to compensate for the delay of the MV-22. However, 
the cost of ownership of the CH-46E will likely continue to rise. Over the past 7 
years, flight hour costs and maintenance man hours per flight hour have increased 
by approximately 30 percent (in constant $FY00). Additionally, over the past decade, 
Marine Aviation has paid over $600M in upgrades to keep the airframe viable. The 
most current improvement, the Engine Reliability and Improvement Program 
(ERIP), will ensure the reliability and health of the CH-46E engine and will cost 
an additional $200M. This program is fully funded, and thanks to Congressional 
support, we were able to start it 1 year early (in this fiscal year). However, ERIP 
was procured based on a projected retirement schedule. As the delay of the MV- 
22 becomes more definitive, Marine Aviation will have to examine how many more 
ERIP kits the Marine Corps will need to procure. The current ERIP cost estimates 
are $1.3M per aircraft (then year dollars). 

27. Senator Levin. General Jones, how long can the CH-46 fleet be kept in safe 
flying condition? 

General Jones. The CH— 46E fleet can be kept in a safe flying condition indefi- 
nitely, but the cost of ownership of the CH-46E will continue to rise and will even- 
tually become intolerable. Over the past 7 years, flight hour costs and maintenance 
man hours per flight hour have increased by approximately 30 percent (in constant 
$FYOO). Additionally, over the past decade, the Marine Corps has paid over $600M 
dollars in upgrades to keep the airframe viable. The most current improvement, the 
Engine Reliability and Improvement Program (ERIP), ensures the reliability and 
health of the CH— 46E engine and is fully funded at $200M. Thanks to Congres- 
sional support, we were able to start it 1 year early (in this fiscal year). However, 
ERIP was procured based on a projected CH-46E retirement schedule. As the delay 
of the MV-22 becomes more definitive, Marine Aviation will have to examine how 
many more ERIP kits the Marine Corps will need to procure. The current ERIP cost 
estimates are $1.3M per aircraft (then year dollars). 

28. Senator Levin. I am informed that the Special Operations Command 
(SOCOM) may have clearer options with regard to a delay in CV-22 initial oper- 
ational capability (IOC). I understand that, with additional funds, SOCOM could ex- 
tend the use of the MH-53 helicopters that the CV-22 is scheduled to replace. 

General Holland, is this an accurate reflection of your position? 

General Holland. The CV-22 Osprey will fulfill a mission need that SOF cannot 
meet with any existing helicopter. Tiltrotor technology will allow SOF access into 
denied areas where the current helicopter fleet cannot go. Only the CV-22 has the 
range, speed, and survivability to carry out critical missions deep in denied territory 
within a single period of darkness, negating the need to seize and hold forward stag- 
ing bases and friendly forces on the ground. The 100 percent increase in combat ra- 
dius over current SOF helicopters would allow the CV-22 to operate over an area 
four times as large as the helicopters, with a similar or smaller logistics footprint. 
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Any delay in fielding of the CV-22 will force USSOCOM to extend the aging MH- 
53 PAVE LOW fleet. The cost across the Future Years Defense Program (FYDP) to 
extend this legacy system would be at least $330 million to include the additional 
costs of deferred sustainment efforts. The additional costs outside the FYDP could 
exceed $290 million. Any slip of IOC greater than 2 or 3 years will require an ex- 
pensive MH-53 service life extension program (SLEP) in addition to the costs just 
stated. As you point out, any effort to extend the MH-53 PAVE LOW is unresourced 
at this time, and completely beyond USSOCOM’s ability to resource internally. 

29. Senator Levin. General Holland, can you tell the committee what steps would 
be required to absorb a 2- or 3-year delay in CV-22 IOC? 

General Holland. Given expected reduced procurement profiles, a 2- or 3-year 
delay in CV-22 initial operating capability (IOC) would cause the United States 
Special Operations Command (USSOCOM) to delay the MH-53 drawdown outside 
the current Future Years Defense Program (FYDP). The new profile would generate 
the requirement to fund approximately $40 million in previously deferred upgrades. 
Our initial estimate of the cost of the extension is at least $330 million in the cur- 
rent FYDP, with the additional cost approaching $290 million outside the FYDP. 
These funds would be required to upgrade, operate, sustain, and man the current 
MH-53 fleet. 

In the event our current strategy for drawdown of the MH-53s is delayed, we 
would have to seek overguidance to resource the additional cost. This plan would 
only extend the current level of risk without addressing the additional required ca- 
pabilities provided by the CV-22. 


Questions Submitted by Senator Edward M. Kennedy 

30. Senator Kennedy. The panel was established by Secretary of Defense Cohen 
to look into MV-22 safety and combat effectiveness, suitability to satisfy operational 
requirements, training, engineering and design, production and quality control, per- 
formance and safety of flight. After your review you feel that the program “should 
be continued, but restructured,” and that there is no inherent safety flaw in the V- 
22 tiltrotor concept, although it lacks the “maturity needed for full-rate production 
or operational use.” 

What is the timeline that the panel feels is necessary to achieve the required ma- 
turity before the V-22 is ready for full-rate production or operational use? 

Panel I. The panel recommended a phased, event-driven approach to return to 
operations including flight readiness reviews for each phase. As discussed by each 
of the panel members during the testimony, given adequate funding, the estimated 
timeline to fully analyze the deficiencies and make corrections range from a mini- 
mum of 1 year to 2 years. 

31. Senator Kennedy. Mr. Augustine, one panel recommendation is to keep the 
production lines open by producing MV-22s at the minimum sustaining level. Cur- 
rently eight aircraft have already been produced, and are now awaiting retrofits. 

What you believe the Marine Corps can do, or should do, with these aircraft? 

Mr. AUGUSTINE. Additional aircraft for testing will be required for the Design 
Maturation Phase the panel recommends. It is my understanding that the program 
manager plans to use some of those fielded aircraft to conduct these tests. Eventu- 
ally all the aircraft should be retrofit with the changes developed and returned to 
the fleet for operational use. 

32. Senator Kennedy. General Jones, the JAG manual report and the mishap in- 
vestigation report stated that the emergency procedure for the hydraulic failure en- 
countered by the MV-22 crew on December 11, 2000 called for the pilots to push 
the illuminated Primary Flight Control System (PFCS) button. When the pilots 
reset the PFCS button, it started an unanticipated chain of events that likely re- 
sulted in the deadly crash of a potentially air worthy aircraft due to a software 
anomaly. This emergency procedure was in the NATOPS manual but was never 
tested and verified in the simulators or anywhere else. 

How does an emergency procedure become part of the NATOPS manual without 
first being tested? 

General JONES. The Naval Air Training and Operating Procedures Standardiza- 
tion (NATOPS) Flight Manual, Navy Model MV-22B Tiltrotor, Change 3 dated 1 
June 2000 is a preliminary manual. Test pilots and engineers from Naval Air Sys- 
tems Command (NAVAIR) and industry tested and validated all procedures, includ- 
ing emergency procedures for the V-22. 
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Test pilots and engineers from both NAVAIR and industry test all emergency pro- 
cedures before incorporating them into a NATOPS flight manual. The Chief of 
Naval Operations directs the Commander, NAVAIR to issue and maintain the 
NATOPS manuals as part of the complete NATOPS program. The manual contains 
information on all aircraft systems, performance data, and operating procedures re- 
quired for safe and effective operation of the aircraft. These manuals are living doc- 
uments that are continually subject to revision and modification of procedures 
throughout the life of the aircraft. As an aircraft program matures, it continues in 
a cycle of identifying a problem, researching a solution, testing the solution, imple- 
menting the solution, and monitoring the solution. There are two acceptable ways 
to test a solution and incorporate it into an emergency procedure, through acquiring 
actual test data and through simulation supported by actual test data. The deter- 
mination of how a specific emergency procedure is validated depends on the risk as- 
sociated with validating that procedure. Even mature aircraft, such as the CH-46E, 
require continuous procedure modification and validation. 

33. Senator Kennedy. General Jones, are all emergency procedures and aircraft 
flight limitations included in the NATOPS manual being reviewed and verified as 
a result of this tragedy? 

General Jones. All emergency procedures for the MV-22 are currently in the 
process of review and re-validation. Pilots from the Integrated Test Team and 
VMMT-204 are validating the procedures utilizing the Flight Control Software Inte- 
gration Rig (FCSIR), Flight Simulation Lab (FSL) and the Software Integration Lab 
(SIL) in Philadelphia, the Full Flight Simulator at MCAS New River, and the 
Manned Flight Simulator (MFS) at Patuxent River. The emergency procedures are 
being flown using the aforementioned facilities following any changes in the aircraft 
flight control software to ensure there are no anomalies. Any emergency procedures 
that can be safely evaluated in actual flight test will be included with the continued 
development testing following the return to flight. Continued development flight 
testing will further evaluate and define the flight envelope for the aircraft. Included 
in this testing will be the completion of the high rate of descent testing and the 
multi-plane formation interface testing. As the simulation and flight validation pro- 
gresses, changes will be incorporated into the NATOPS manual and promulgated to 
all V-22 activities. 

34. Senator Kennedy. General Jones, in your written testimony you state, “The 
review panel also concluded that the aircraft’s reliability and maintainability must 
be improved through additional engineering, testing, and evaluation. We have also 
come to this conclusion.” 

Why did the Marine Corps come to this conclusion only after the second mishap 
in 2000 and not as a result of the reports produced by operational testing and the 
April 2000 mishap in Arizona? 

General Jones. The MV-22 did not meet all reliability, availability, and maintain- 
ability (RAM) requirements during operational evaluation (OPEVAL), as was ex- 
pected and documented in the Operational Test and Readiness Review prior to the 
start of OPEVAL. The reliability growth plan was developed prior to OPEVAL and 
has since been updated showing the MV-22 is on track to meet or exceed all RAM 
Operational Requirements Document (ORD) requirements by the fall of calendar 
year 2003. The documented growth of reliability from the Engineering Manufactur- 
ing and Development (EMD) phase through post-OPEVAL supports projected 
growth of the V-22 Program Office plan. 

Component reliability is the main driver to the RAM metrics that were not met 
during and following OPEVAL. With improved component reliability, Mean Flight 
Hours Between Failure (MFHBF) will increase, Maintenance Man Hours per Flight 
Hour (MMH/FH) will decrease and the Mean Flight Hours Between Unscheduled 
Maintenance (MFHBUM) will increase to meet the requirement. The reduction of 
MMH/FH will reduce maintainer workload and allow the manpower requirement to 
be satisfied. Additionally, experienced maintainers with improved technical publica- 
tions (i.e. Integrated Electronic Technical Manual System) and refined maintenance 
procedures will decrease the Mean Repair Time-Abort (MRTa). 

The program office RAM plan is based on projections of component reliability fixes 
that are being incorporated into each production lot. A calculation of the individual 
contribution for each component reliability improvement is evaluated with a con- 
fidence factor before the increase in overall system reliability is projected. The im- 
provement projections are conservative estimates, and the plan includes fixes to 
take the overall system reliability to 1.53 MFHBF vice 1.4, to account for impacts 
of future reliability degraders. Retrofit will be accomplished by preferred sparing or 
through the use of retrofit funding (APN-5) as available. As a point of comparison, 



275 


it should be noted that the MFHBF for the CH— 46 and CH-53D are 0.89 and 0.82. 
The readiness rates (based on the same ground rules), Full Mission Capable (FMC) 
rating and Mission Capable (MC) rating will improve as a result of the reliability 
plan. Additionally, the logistic support for the V-22 was immature and supply 
delays were a major degrader for FMC/MC ratings, as mentioned in the OPEVAL 
report. Immaturity of some systems, such as subsequently corrected Blade Fold 
Wing Stow (BFWS), resulted in extremely low FMC ratings. It is expected that the 
next Operational Test (OT) period will see improvements in the factors that severely 
impacted OPEVAL FMC/MC. As the aircraft matures, reliability improves and 
squadron maintainers become familiar with the aircraft; the aircraft’s RAM will be 
well within the ORD requirements. 

35. Senator Kennedy. It is my understanding that considerable planning and re- 
organization went into the training and support of MV-22 training squadrons and 
future operational units. These steps included reassignment of pilots, mechanics, ad- 
ministrative and supply support personnel from other units, particularly CH-46E 
helicopter units, to the MV-22 program. 

General Jones, if the panel’s recommendations are accepted and MV-22 produc- 
tion is slowed to a minimum sustaining level, what impact will that have on force 
structure within the Marine Corps aviation community? 

General JONES. The slowing of MV-22 production and procurement will have no 
impact on the force structure of Marine Corps aviation communities. The force 
structure associated with the MV-22 is designed to be a one-for-one replacement for 
the force structure of the CH-46E and CH-53D. Delays in transitioning from the 
CH-46E or CH-53D to the MV-22 will merely delay personnel transitions to the 
MV-22. As the MV-22 program experiences delays, we will manage the force struc- 
ture and personnel accordingly. 

36. Senator Kennedy. General Jones, you mentioned at the hearing that the CH- 
46E can be relied upon to meet Marine Corps operational requirements in the in- 
terim. Could you please provide, in detail, how you think this can be done and at 
what cost? 

General JONES. Based on current utilization rates, the service life of the CH— 46E 
does not need to be extended to compensate for the delay of the MV-22. However, 
the cost of ownership of the CH— 46E will likely continue to rise. Over the past 7 
years, flight hour costs and maintenance man hours per flight hour have increased 
by approximately 30 percent (in constant $FY00). Additionally, over the past decade, 
Marine Aviation has paid over $600M in upgrades to keep the airframe viable. The 
most current improvement, the Engine Reliability and Improvement Program 
(ERIP), will ensure the reliability and health of the CH-46E engine and will cost 
an additional $200M. This program is fully funded, and thanks to Congressional 
support, we were able to start it 1 year early (in this fiscal year). However, ERIP 
was procured based on a projected CH-46E retirement schedule. As the delay of the 
MV-22 becomes more definitive, Marine Aviation will have to examine how many 
more ERIP kits the Marine Corps will need to procure. The current ERIP cost esti- 
mates are $1.3M per aircraft (then year dollars). 

37. Senator Kennedy. General Jones, while the Marine Corps awaits the MV-22, 
are changes being considered to minimize the operational and logistical short- 
comings of continuing to deploy the CH-46E? 

General JONES. The Marine Corps will continue to monitor the health of the CH- 
46E. Based on current utilization rates, the service life of the CH-46E does not need 
to be extended to compensate for the delay of the MV-22. We will continue with 
the most current improvement, the Engine Reliability and Improvement Program 
(ERIP), to ensure the reliability and health of the CH— 46E engine. Thanks to Con- 
gressional support, this program is fully funded, and we were able to start it 1 year 
early (in this fiscal year). However, ERIP was procured based on a projected retire- 
ment schedule of the CH— 46E. As the delay of the MV-22 becomes more definitive, 
Marine Aviation will have to examine how many more ERIP kits the Marine Corps 
will need to procure in order to ensure the CH-46 remains operationally deployable. 
The current cost estimates are $1.3M per aircraft (then year dollars) for ERIP modi- 
fication. 

38. Senator Kennedy. Recently, reports in the Washington Post included state- 
ments from officers involved in the V-22 JAG and mishap investigations. These offi- 
cers stated that the software anomaly was a design flaw that was known for months 
by both the aircraft developers and marine officials, but went “largely uncorrected.” 
We have learned through past programs that “whistleblowers” can provide impor- 
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tant information on program safety, and laws have been put in place to protect such 
whistleblowers and prevent retribution. 

General Jones, can you assure us that the Marine Corps won’t take adverse action 
against individuals who raised concerns about the program or the program’s man- 
agement? 

General JONES. No adverse action has or will be taken against the individuals 
who raised concerns about the program or the program’s management. However, ac- 
tion may be taken on individuals involved in the program that are determined to 
be guilty of wrongdoing by the DODIG’s investigation. 


Questions Submitted by Senator Joseph I. Lieberman 

39. Senator Lieberman. The panel discovered several problems with the V-22 
program and even called this a “troubled program,” yet they recommend limited pro- 
duction. The program has been ongoing for almost two decades at an investment 
of $12 billion. There have been several deaths and the program appears to be 
fraught with multiple complications. The panel has stated that the program is “no- 
where close to being ready for use in day-to-day operations” and that “I wouldn’t 
let time be the driver. . . . However long it takes, it will take.” Further, their rec- 
ommendations will produce significant delays and additional costs. 

What was the basis of your recommendation to continue limited production of the 
program? 

Panel I. The panel recommended continuation of limited production because it 
found no inherent flaw in the V-22 tiltrotor concept, that the requirement is justi- 
fied and the V-22 has demonstrated its ability to meet it. 

40. Senator Lieberman. Given the need for a marine requirement to deliver 
troops quickly and safely from offshore ships to inland sites, did you consider alter- 
natives? 

Panel I. The panel worked with the Office of the Secretary of Defense Program 
Analysis and Evaluation Division on alternatives being considered to meet stated 
V-22 mission. The panel also reviewed the V-22 mission requirements. The panel 
felt that the V-22 mission was justified because of its capability to deploy rapidly 
over long distances, engage in surprise operations and carry out missions in a single 
period of darkness. As an example, the Desert One mission in Iran, involved 2 days 
of hiding in the desert ... a mission that could have been carried out by a V-22- 
like aircraft in a single period of darkness. The high political stakes involved in such 
missions make it imperative that they be carried out successfully when undertaken. 
Given that, the panel felt that the V-22 mission was justified and that it was the 
only aircraft that could meet the stated mission. Although, there are aircraft, or 
combinations of aircraft, that can carry out lesser missions or execute the V-22 mis- 
sions with more time and higher risk. 

41. Senator Lieberman. Since program launch in 1981 it has been wrangled with 
challenges-budget cuts, rising costs, technical problems, competing Navy programs, 
and short on performance goals. Did you consider, and if so, can you discuss the 
pros and cons you considered against program cancellation? 

Panel I. Program cancellation was discussed. The V-22 is more expensive than 
helicopter alternatives, although it provides more capability. V-22 cancellation may 
save some funds over helicopter alternatives but additional risk of successfully com- 
pleting missions would have to be accepted. We also reviewed an assessment of the 
impact on the industrial base although this was not a major consideration in our 
decision to proceed with a restructured program. 

42. Senator Lieberman. Are you concerned about the implications of falsified 
maintenance records on the conclusions in your report and your testimony? Do you 
intend to release an addendum following the investigation into the recent falsifica- 
tion charges? 

General Dailey. As discussed in the hearing, the maintenance data itself was not 
critical to our findings. We found deficiencies in the systems to support this aircraft 
that must be fixed. The Department of Defense Inspector General (DODIG) re- 
viewed our draft report and concluded that none of the information gathered by the 
panel contradicts the information gathered by the DODIG in its ongoing investiga- 
tion (appendix D of the panel’s report). Therefore, the panel does not intend to re- 
lease an addendum following the investigation into the recent falsification charges. 
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43. Senator Lieberman. In your testimony, you have indicated that the tiltrotor 
concept is not fundamentally flawed, but rather that the problems have been associ- 
ated with engineering details. In order to perform its mission, the V-22 must be 
a highly robust system, namely a system that can function reliably in extremely ad- 
verse conditions, and one which does not become unsafe upon small departures from 
optimized operational requirements. I am concerned both about the ability to over- 
come the detailed engineering design flaws, and the long-term consequences of the 
limitations on the flight envelope required for safe operation (e.g. to avoid the vortex 
ring state). Can you, with confidence, recommend that the flight envelope will not 
be so sensitive and constrained as to limit the operational utility of the aircraft? 

Panel I. The safe flight envelope for the V-22 aircraft, that has been established 
based on flight tests, will permit safe and operationally effective utilization of the 
aircraft. It is the intent of the V-22 program office to investigate the controllability 
of the aircraft inside the currently restructured flight regime, consisting of low air- 
speed and high descent rate, as soon as the aircraft is returned to flight status. One 
of the objectives of the flight test program is to prove out the effectiveness of recov- 
ery maneuvers from the restructured flight regime. 

44. Senator Lieberman. Can you, with confidence, recommend that the “engineer- 
ing details” can be resolved such that the aircraft will have an acceptable level of 
maintainability and reliability? 

Panel I. The maintainability and reliability of the V-22 aircraft have been ad- 
versely impacted by lack of adequate spares, incomplete training aids, and design 
and workmanship deficiencies. The V-22 program office is engaged in structuring 
an ongoing program to correct the design deficiencies and establish a responsive and 
effective maintenance support system. The problems that need to be fixed have been 
identified based on the developmental and operational testing to date and provide 
a firm basis for corrective actions. 

45. Senator Lieberman. “Regrettably, when we pioneer aviation, we seem to go 
through difficult periods. . . . We did it with the CH— 46 helicopter 34 or 35 years 
ago and actually with the stealth fighter as well,” General Jones has said. “If you 
were to take that program (F-117) out of the protection of its security, and after 
about two or three crashes the American public had looked at that aircraft, you 
would have seen the same kind of hue and cry,” Jones said. “If you stick with it 
and it’s the right thing to do and the right technology, and you invest correctly and 
do all the right things, you can do something that will save lives in the long 
run. . . . That’s where I think tiltrotors will take us.” he said. 

What changes do you propose to improve the safety and testing of the V-22? 

General Jones. The V-22 review panel recommended development of a restruc- 
tured program that uses a phased approach to achieve a return to flight and tactical 
introduction of the V-22. The Marine Corps concurs with the panel’s recommenda- 
tion and has developed a detailed plan that will expeditiously implement the review 
panel’s recommendation. 

The Deputy of the Program Executive Office for Tactical Aviation at the Naval 
Air Systems Command led the V-22 Acquisition Working Group to develop a re- 
structured MV-22 and CV-22 program that complies with the review panel guid- 
ance, acquisition policies, and service needs. The goal of the V-22 Acquisition Work- 
ing Group is to deliver to the military services a safe, reliable, and operationally 
effective V-22. The options being developed will consider both the time and the 
funding required to efficiently achieve operational capability. This entails comple- 
tion of both planned and additional developmental testing, correction of deficiencies 
and suitability issues, and verification through follow-on operational testing and 
evaluation. Restructuring of the program will be necessary to accommodate these 
actions. Participants in this process include members from the Program Manage- 
ment Activity; the Program Executive Officer for Air, Antisubmarine Warfare, As- 
sault and Special Mission Programs of Naval Aviation; Assistant Secretary of the 
Navy (Research, Development, and Acquisition); U.S. Special Operations Command; 
the U.S. Air Force; Headquarters Marine Corps; the Commander, Naval Air Sys- 
tems Command; and representatives from Bell and Boeing. The group will produce 
program restructuring options for consideration by acquisition officials and will 
make recommendations on how to fund the revised program. It will take some time 
to incorporate critical design improvements, and we will proceed methodically. The 
current road map to full operations is a five-phased approach with specified en- 
trance and exit criteria for each phase. 

Phase 0: Commence technical assessment and complete thorough flight 
readiness review. We have already begun this phase. 
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Phase 1: Resume testing with Engineering and Manufacturing Develop- 
ment aircraft (both the MV and CV models) and augment with Low Rate 
Initial Production aircraft as necessary. 

Phase 2: Resume Marine Medium Tiltrotor Training Squadron-204 
(VMMT-204) training operations and production acceptance flights. 

Phase 3: Stand up a MV-22 operational squadron at New River, North 
Carolina and a CV-22 training squadron at Kirtland Air Force Base in New 
Mexico. 

Phase 4: Operational deployment/employment of the MV-22 and CV-22. 

The immediate steps include: confirming industry’s willingness to support the re- 
structured program; ensuring acquisition road map compatibility with technical as- 
sessment (development of entrance and exit criteria); finalizing a deficiency matrix 
(including reliability and maintainability issues); developing timelines for correction; 
providing cost estimates for correction; developing cost, schedule, and production ad- 
justments; and finally, obtaining consensus among developmental and operational 
testers. 

46. Senator Lieberman. The JAG Manual investigation confirmed that the ma- 
rines and private defense contractors were aware of serious problems with the hy- 
draulic system more than a year before the December 2000 crash. Can you explain 
what was being done to correct the problems with the hydraulic system over that 
year? 

General Jones. In April 2000, a service bulletin was issued by Bell-Boeing that 
identified problems with chafing of hydraulic lines. At that time, VMMT-204 at Ma- 
rine Corps Air Station, New River, North Carolina, started to inspect those lines. 
Unfortunately, the affected line involved in the December 11, 2000 mishap was not 
identified for special inspection in that Airframes Bulletin. 

Further analysis of the hydraulic systems is clearly warranted, and currently un- 
derway by Naval Air Systems Command (NAVAIR) in coordination with Bell-Boeing 
and VMMT-204. The government and contractor team is conducting a complete hy- 
draulics audit of the aircraft. Recommended changes to the hydraulic system as a 
result of this audit are currently being evaluated and are planned for installation 
later this year. Recent inspections at New River and Amarillo will contribute to 
other corrective actions. 

Further, as a result of developmental testing, a number of hydraulic component 
improvements have been incorporated into the delivered aircraft. Beyond those 
changes already made, others planned for incorporation include a new swashplate 
actuator with an improved seal design to reduce leakage. Production aircraft will 
incorporate the new swashplate actuator during the fall of 2001. 

47. Senator Lieberman. The V-22 program crashes have been compared with the 
F-117. Can you discuss that comparison, given the differences in the number of air- 
crew involved? 

General JONES. The comparison between the V-22 and the F-117 is made to dem- 
onstrate that aircraft with troubled beginnings can mature into highly regarded air- 
craft. The F-117 had seven mishaps during its test and evaluation period. As a clas- 
sified program, these mishaps were not made public and therefore did not draw the 
same media attention as the V-22. Even with this number of mishaps, almost twice 
as many as the V-22, the F-117 is considered a great aircraft. In fact, some of our 
most highly regarded aircraft suffered mishap rates much greater than the V-22. 
The CH-46 suffered 44 non-combat related aircraft losses in the first 5 years of ac- 
ceptance. The F-8 suffered 288 non-combat losses, the F-4 suffered 112, and the 
F-14 suffered 27 losses also within the first 5 years of acceptance. All these proven 
and highly regarded aircraft suffered much higher losses than the V-22 and were 
considered successful aircraft. Unfortunately, assault support aircraft like the V-22 
and transport helicopters have the potential for more personnel loss even with excel- 
lent mishap rates. 

48. Senator Lieberman. A former V-22 program manager blames some of the Os- 
prey’s problems on the fact that once Congress gave Navy officials control of the pro- 
gram’s funds, “they shifted money out that could have gone to early development 
and testing.” Do you agree with this? 

General Jones. Proper funding is critical to successful program execution. Austere 
budgets and limited modernization dollars have made successful program execution 
very challenging in nearly every acquisition program. Spares and support are pri- 
mary funding concerns in the V-22 program. During the program restructure, it is 
my intent, to the extent response permit, to ensure that these critical areas are fully 
funded. I welcome your continued support in this effort. 
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49. Senator Lieberman. What recommendations do you have regarding program 
management? 

General Jones. A service chiefs oversight ability within a program is limited by 
current acquisition regulations. One of the aspects of acquisition that is difficult is 
that I am viewed as responsible for execution and program decisions but am legally 
constrained from all but cursory involvement. Bearing that in mind, one of the 
things we could do to assist the V-22 program manager would be to properly fund 
the Engineering Change Order (ECO) line in the budget. As budgets have gotten 
more austere, this funding has been reduced. Full funding of the ECO line would 
give the program manager flexibility to meet unforeseen circumstances or to quickly 
implement engineering change proposals, flexibility he does not currently have. 

50. Senator Lieberman. The OSD V-22 review panel presents a program lacking 
in thorough and meaningful testing and evaluation. They present a long list of prob- 
lems that must be addressed and fixed before the program can move forward. 

What is the cost estimate for making the changes recommended by the panel? 

General JONES. The current estimate to incorporate all recommended corrective 
changes proposed by the V-22 review panel is $480 million over the next 6 years. 
The review panel recommends development of a restructured program that uses a 
phased approach to achieve a return to flight and tactical introduction. Specific rec- 
ommendations cover: minimal sustainable production rate in the near-term; ade- 
quate and stable funding; requirements validation; safety (hardware, software, and 
operations); reliability and maintainability; quality, training, and technical publica- 
tions; and, communications across the program (among operators, contractors, engi- 
neers, etc.). We have a detailed plan in place that will expeditiously implement the 
review panel’s recommendations. The Deputy of the Program Executive Office for 
Tactical Aviation at the Naval Air Systems Command (NAVAIR) lead the V-22 Ac- 
quisition Working Group to develop a restructured MV-22 and CV-22 program that 
complies with the review panel guidance, acquisition policies, and service needs. The 
goal of the V-22 Acquisition Working Group is to deliver to the military services 
a safe, reliable, and operationally effective V-22. The options being developed will 
consider both the time and the funding required to efficiently achieve operational 
capability. This entails completion of both planned and additional developmental 
testing, correction of deficiencies and suitability issues, and verification through fol- 
low-on operational testing and evaluation. Restructuring of the program will be nec- 
essary to accommodate these actions. Participants in this process include members 
from the Program Management Activity; the Program Executive Officer for Air, 
Antisubmarine Warfare, Assault and Special Mission Programs of Naval Aviation; 
Assistant Secretary of the Navy (Research, Development, and Acquisition); U.S. Spe- 
cial Operations Command; the U.S. Air Force; Headquarters Marine Corps; the 
Commander, Naval Air Systems Command; and, representatives from Bell and Boe- 
ing. The group will produce program restructuring options for consideration by ac- 
quisition officials and will make recommendations on how to fund the revised pro- 
gram. It will take time to incorporate critical design improvements and we will pro- 
ceed methodically. 

51. Senator Lieberman. What is the lead time necessary to implement the 
changes? 

General JONES. Current estimates anticipate 18-24 months to fully implement the 
changes recommended by the V-22 review panel. 

The review panel recommends development of a restructured program that uses 
a phased approach to achieve a return to flight and tactical introduction. Specific 
recommendations cover: minimal sustainable production rate in the near-term; ade- 
quate and stable funding; requirements validation; safety (hardware, software, and 
operations); reliability and maintainability; quality, training, and technical publica- 
tions; and communications across the program (among operators, contractors, engi- 
neers, etc.). 

We have a detailed plan in place that will expeditiously implement the review 
panel’s recommendations. The Deputy of the Program Executive Office for Tactical 
Aviation at the Naval Air Systems Command (NAVAIR) led the V-22 Acquisition 
Working Group to develop a restructured MV-22 and CV-22 program that complies 
with the review panel guidance, acquisition policies, and service needs. The goal of 
the V-22 Acquisition Working Group is to deliver to the military services a safe, 
reliable, and operationally effective V-22. The options being developed will consider 
both the time and the funding required to efficiently achieve operational capability. 
This entails completion of both planned and additional developmental testing, cor- 
rection of deficiencies and suitability issues, and verification through follow-on oper- 
ational testing and evaluation. Restructuring of the program will be necessary to ac- 
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commodate these actions. Participants in this process include members from the 
Program Management Activity; the Program Executive Officer for Air, Antisub- 
marine Warfare, Assault and Special Mission Programs of Naval Aviation; Assistant 
Secretary of the Navy (Research, Development, and Acquisition); U.S. Special Oper- 
ations Command; the U.S. Air Force; Headquarters Marine Corps; the Commander, 
Naval Air Systems Command; and, representatives from Bell and Boeing. The group 
will produce program restructuring options for consideration by acquisition officials 
and will make recommendations on how to fund the revised program. It will take 
time to incorporate critical design improvements and we will proceed methodically. 

52. Senator Lieberman. Can the marines and the “requirement” await such mas- 
sive overhauls? 

General Jones. Yes, the Marine Corps can manage without the increased capabil- 
ity during the restructuring and fielding of the MV-22. Current estimates anticipate 
18-24 months to fully implement the changes recommended by the V-22 review 
panel. The Marine Corps will continue to monitor the health of the CH-46. Based 
on current utilization rates, the service life of the CH— 46E will not need to be ex- 
tended to compensate for the delay and restructuring of the MV-22 program. We 
will continue with the most current improvement, the Engine Reliability and Im- 
provement Program (ERIP), to ensure the reliability and health of the CH-46E en- 
gine. Thanks to Congressional support, this program is fully funded, and we were 
able to start it 1 year early (in this fiscal year). However, ERIP was procured based 
on a projected retirement schedule of the CH-46E. As the delay of the MV-22 be- 
comes more definitive, we will have to examine how many more ERIP kits the Ma- 
rine Corps will need to procure to ensure the CH-46 remains operationally effective 
until replaced by the MV-22. 

53. Senator Lieberman. Given the uncertainty about the accuracy of the data in 
light of the possibility that the records were falsified, do you go back to the begin- 
ning of the program OPEVAL to ensure accurate data and to rebuild trust in the 
aircraft? 

General Jones. The accusations of data falsification only pertained to the mission 
capable readiness rates, not safety of flight aircraft maintenance data at VMMT- 
204. 

54. Senator Lieberman. If so, what is the cost and schedule of such a re-work? 

General JONES. We do not intend to go back to the beginning of OPEVAL due to 

accusations of falsification of readiness data at VMMT-204, as the accusations only 
question readiness reporting of the aircraft. 

55. Senator Lieberman. If not, are you willing to risk further crashes by not fer- 
reting out all the details associated with the problems — known and unknown? 

General Jones. Based on the findings of the review panel, JAG investigation, Air- 
craft Mishap Board, and pending the results of the DODIG, I feel comfortable imple- 
menting and executing our plan to restructure and field the MV-22 without jeopard- 
izing the safety of our marines. We remain confident that the additional develop- 
mental testing, correction of deficiencies and suitability issues, and verification 
through follow-on operational testing and evaluation will ferret out all known and 
unknown problems and allow the aircraft to mature into the national asset it is des- 
tined to become. 

56. Senator Lieberman. If the details and problems cannot be fixed, what are the 
alternatives, the cost to execute, and timeline to implement? 

General JONES. The Osprey is arguably the most studied weapon system in the 
history of our American military. Each successive study has validated that the V- 
22 was the most cost and operationally effective alternative. It is, in fact, the only 
practical alternative that meets the tri-service requirements of the Marine Corps, 
Air Force, and Navy. Other options offer no real advantages in cost savings/avoid- 
ance, given the requirement. In fact, other options are accurately described as a step 
back from V-22 capabilities. Cancellation would delay the beginning of replacement 
of our legacy platforms by at least 5-7 years and would require several billion dol- 
lars (at a minimum) of additional developmental funding, regardless of what alter- 
native platform was selected. This would be in addition to the $12 billion already 
invested to date in the V-22 program. Increased costs associated with operating leg- 
acy aircraft years longer than originally anticipated would also be incurred while 
pursuing other alternatives. The V-22 remains the most cost and operationally ef- 
fective medium lift replacement alternative. 
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Questions Submitted by Senator Jack Reed 

57. Senator Reed. General Jones, your testimony highlights the need to improve 
communications between industry and the marines. Would you discuss this issue in 
more detail? 

General JONES. Improved communication is essential to successfully putting the 
V-22 program back on track and to restoring the confidence of the operating forces. 
We are continuing to develop a detailed plan and implementation has already 
begun. Recently, maintenance personnel and pilots from VMMT-204 visited V-22 
production facilities in Pennsylvania and Texas. The frank dialogue and exchange 
of views was beneficial to all concerned. Additionally, the Office of the Assistant Sec- 
retary of the Navy for Research, Development, and Acquisition established the V- 
22 Program Executive Committee (EXCOM) to review the program on a continuing 
basis with a focus on: 

Government/Contractor approach 

Critical technical, testing, programmatics, and supportability issues 

Areas of technical risk 

Details of the program restructure 

Cost and schedule performance 

Manufacturing quality 

Program communication 

We will continue and enhance these efforts in the future. The Marine Corps, Air 
Force, Navy, and our industry partners are committed to ensuring that all con- 
cerned have an ability to articulate their concerns and receive timely feedback. 

58. Senator Reed. General Jones, what confidence do you have that the MV-22 
program can be fixed? 

General Jones. First and foremost, the review panel concluded that tiltrotor tech- 
nology is sound and mature. The review panel also concluded that the aircraft’s reli- 
ability and maintainability must be improved through additional engineering, test- 
ing, and evaluation. We fully concur. The review panel recommends development of 
a restructured program that uses a phased approach to achieve a return to flight 
and tactical introduction. Finally, the review panel concluded that the MV-22 pro- 
vides the Marine Corps with capabilities that cannot be provided by any single heli- 
copter or conventional aircraft. We agree. It will take time to incorporate critical de- 
sign improvements, and we will proceed methodically. I am confident the current 
road map to full operations will enable us to safely and successfully address all 
issues facing the V-22. 

59. Senator Reed. What number of MV-22s is the optimal number to produce 
over the next 3 years? 

General JONES. The optimal number of MV-22s to produce over the next 3 years 
is 54 aircraft. The optimal procurement of those aircraft would be 12 in fiscal year 
2002, 18 in fiscal year 2003, and 24 in fiscal year 2004. 

[Whereupon, at 1:37 p.m., the committee was adjourned.] 
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